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PREFACE 


THK^ost-war cost o/^uel Ts gnilually forcing power-plant owners toVlmit the 
imperative need for an organized system of boillr-house contr3f. Dyring the last few 
years a vastiamouut of work has^ b^enVlnd^J^al{en in the leading countries of the 
world tiTvth the object of ijitro4«cjng more economical methods in steam production. 
Such activities, h^ever, #re as^^t Confined ^painly tg the te^hnic^l press, research 
infitjjuti^s, selwj committees, and a few of thedaeger and more.entetprising firms. 

With m&uy miTis tlje fuel bill feK.he’lal^cs^ itenf iH the expenditufe ftccoui*t,*ah9 
any, sA^^ f<jr rl&ucing it is,*1^r(rfor^, worthy of the closest attention. Yet the 
a verage’manager still itgaids tlm boilt# house gs aiiecessary evil rather than as a 
pwdngti^e departmcMt in whicl'ak, wat#ii and fiiel mc utilized as raw materials to 
malefV steam of a st»a,dard ([uality, and1;he^)roWta|p of which are dc.scrving of the 
same, attcu^to that is gix^i* to the renminde* o? the^ctory.. The final product of 
"thi8^§e^rtile»t^i^*not so tangiWc as tile ^-anwate articles ^urlJed out by other depart¬ 
ment!? i-j^ut to many factorj' ])rocossea the%^t of the steam is greater than that of 
thedngredii^feused. ^ ^ <• 

It) deal ‘smh ijie scien^fic coMti»)l»t)f steam-raising plant, a new type of engineer 
is eVnyng intn befng—namelv, the c()(nhu9ty)|^ engineer A technical chemist, spoken 
of in fhe following pages as the “ engineer-chemist.” Some time must pass,%on ever, 
'''■Ir^orp really qualified engineerat'henfist/will be availabletn any large numbers. It 
has been the author’s aim t^ ijseist p^ver-^lant owners,^raanagers, and engj^eers.to 
<jperaj;e steam-raising plants as efficiently as pijgsjjile under*existing conditions, and 
to indicate the tyjie of service which vidll fie rendjj^cd Ijy the engineer-chemist in days 
' to come. ’ » • 

The work is divided into two parts. ^Tlie first part deals with the aupervision’or 
actual working of a plunt^ whilst tliqsaecond explains the repairing and general over¬ 
hauling of the component parts.* The sufijJct-mattcr has been divided on a plan 
which makes cross-reference as easy as pos,sible. • A reader,' for example, who is 
specially interested,!A supeTlIftaters or ^hcr auxiliary appliances, the supervision 
of wliTcltVijs dfsfftifeed ill (fiiapters V., VI., and Vlf. iirPart I., can readily turn to 
Chapters*XIX. and XX. in Parttl., where he will find what the author has to say 
*on ^heee same itemsTrom the point bf vie\?,of main^nance. , • 

•Hafing in mind the practical mai^s need for a handy work «f reference, the author 
has endeavoured to present all the information ip toe simplest Jiossible form, and 
discussion of the theorej;i<^ sid^ of tlie^bject has-been reduced to a minimum. 
For the game reason only sneh dataij haiRi^n.included, especially when describing 
instruments,ws directly conoerns the elficic^ wofkiAg of gl^am-generating plant. 



PllEFAfB 

About lialf the illustrations have been mpeciaM^ prepared by tbc publishers from 
sketches submitted by the author, and tWie rcmaindet arc reproduced by kind 
jicrniission of the firms \<hoae products are'illustrated. In selcctiTig these latter 
illustrations fery fjreat care has been exercised to eu.slne that they fully illustrate 
tile remarks in the text, and it wilt be noticed that many of the illustrations shos' 
additional points of interest referred to in ehajiters other than those in which 
they actually’ ajipear. 

Throughout the book the .author has been influenced ^by the fact that while it 
is the duty of the eipiineer in char]ce of,a boi|yf plant tn operate it at maximum 
f efliciency and tit effect all the inyirpYeiaynts^lie ran. he is not required to design 
new plant. • ‘ , , « 

The author desires to express his indebtedness {« the«manv firms meniibued in 
the book for (Sufiplyifig infonnation rnd gning ■»afuahhf assisfauic in leproducing 
jiliistrations^of their appliances.' ' ^ • * »«' 

Thanks are'duo to Jlr. .Vlwyne Jleade. ^luflj.? of ilmleiu (limu'orkx‘Prnrfice, on 
whose suggestion the present work was undeita^rev. The aiiffior silso wishes to 
acknowledge valuable assistant-e rweived /fom Mv'W.-T ( 'olver in preiiarmg tilt 
subject-matter for publicatiqh^ 
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•PART I 


supe.rVision 




THE SUPERVISION AND MAINTENANCE- 

OF STEAM‘RAISING PI ANT 

Sf'ICTio^ /.-AVOJJEING THE PpWER UNIT 

I* 

OI^fANI^ATION 

• (a) Intrgfluctory. —The "value of scientific -coiitrM in ydcr to ensure economical 
working is gradually lining recognized. Jlodern b8.sine88 methods, together with 
the very keen competition th«t exists to-day, ffeniaiftl that the cost of manufacturing 
an article mmik; be known freftn the tim* when fife raw material enters the factory 
until the finishgd arlScle js ready fof th^^narkjJ!* Very elaborate systems have been 
devised Mr th% purjose of j,nalyzigg the cost of the Various treatments which the 
raw m^ferialjindcrgoes; and iret^ie jjp-to-date factory these have been "brought Vo 
such perfection Jhat^uy inellwicncy is iiftmetliatcfy det^ted. 

It is^ therefore, all the more curious tfiat, wflJi very few exceptions, the control cf 
production costs is limited to the manufacturing sfd^of the factory.* The manager of 
a factory, like every other specialist has studied one particuKir subject, and by virtue 
of Ins ability has risen to high executiw raA. He is proficipnt in his particular 
craft, arid he will devote lift entire energy tti the pTdlTuction of soap, paper, cloth, 
or whatever his speciality may be, to th^ end that fhe product of his firm may be 
the most acceptable an the market. 

Supp»)sing every factory were supplied with pov^er fronC^ome external source, 
the manager’s problem, sd fiir as popvcrVas coacerned, would simply be to obtain 
the maximum production with minimum •power consumjition, And, in view of the 
proficiency of factory managers in^their various crafts, a very high state of productive 
efficiency proidd ^ist in e\ery industry. Uiifortujiately such a state of affairs does 
pot, and in many cases cannot, e.xi3t,*and by far the larger ftumber of factories have 
their own power production plants. • , , 

^^ify jactories are, of course, supplied with power from external sources— 
generally in the form of gas or electricity—with excell eat results. Such establish¬ 
ments, however, fall into three special classes, as follcAvs: • 

* T(i.) Very small factories for ■ftrhich.so littl* jJ^er is required that a small electric 
motor or a gas engino will meet th'eir requisements. * • 

(u.) Factories situated in localitjps where the^ground rent? are so high that it is 

3 
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clieapcr to Ijiiy power from an external .souree than to occupy valuable space with a 
boiler plant. ' 

(ill ) Kaclorics near the centres of large towns. .Ip these eafios the expense of 
eartiiig away ash, etc., must be reckoned in the gross cost of liiel, and as this item 
may amount to as mueh as 20 per cent, of (lie oiiginal price, a separate power jil'ant 
IS (inaiKudly impraetic.ible. 

At the pre.seld tune eoilsiderable attention is being |iaid to the (lossibilities of 
eleetrifleatloli on a largi' scale (ireat eleetrieitv imdertakings exist in almost eveiy 
part of (Ireat .Uiitaiii', and a serioii.sstart li.is been iiiade<o .saip|ilv the inamilacluriiig 
areas with eleetrieal eiieigx, but it.is doubtful whether eoiiiplete rijorgauization ol 
liidil.strv on the basis ol electntieatlon will ever be en'ij’ted*iii p eoiiiitiv which has 
so long been indlis,iriall7,ei'l under otlidr eoiifhtions , , 

Anotliir levy mipoitaiit ||oint'(o be noted is that the pfodiietioii ol eleetrieal 
eiiergv is not a national and tlicrelore irgai.i/.ed indHs’tiS, wijfr.'i iindorin standard 
sup|ily sisti'ni, but is in the hands ol ,i huge .ijaniber ol nsnate eoni|ianies and 
llllinieipal ailllioiilies woikiiig inde|ienc'eii(Iv oj j'aeli other Direel eoiisecpienees 
of this state of a Halls iiia' be seen in l,.ondon. w here I lie'i .moils Mip|ilv s\ stems hie 
all dllVereiit .Hid a (oiidllfon .ipplo.ii lung i ll.ios h.is been n lelieil. 

Kliialll. there ari' eeit.iin I'ndilst'iles in winch (l'i.‘ ainoiinl ol eiiei'ee tli.il is 
conielted into [lowei |s a \ei\ sin,ill perc/litaee |il llie eiieigi ullli2’ed lor lie.itiim. 
an exaiil]i|e being the dliaiig mdiKf V |'ieie‘llie ste.ini coii'siiliied in geiiel.iting 
liieehaiiiial (lowei is veiv sni.ill in conip.iiison with tli.O leipiii il bu,process woik 
' A veiv l.iiue niiifiber ol indiisliial pl.ints i," (Ih'm, !’> n.iiii .lie sini.ii 1 on or leiv 
ne.irtotlie iniportant coaijields, .iiid tbe.s^, b\ eiilein.g into cooM.ii's lor coiit'luioiis 
supplies, c.iii biiv then co.il ,it \ e'l V f.iioiiiable pines .\s 1,11 as the iinpiat.int 
industries ,iie eoiteeiii.'d, it I', tlierefore.r'iot Ilk ‘K lli.it tin i.idic.d cliange will t.ike 
|ilaee, lor some time (o'conie, in the^inode pi^wei pioibielion 'I'he boiler lioii'C 
will continue to siipplv'tlie needs ol (he ater.ige Ijihoiv 

In .inv c.ise It will ccist consnleiiibl\*less to in,ike boiTei houses jis elln lent tis tliei 
should be til,in to elect siipei-power st.itioiis and I.IV miles of c.ible. .Hid iweii il .i 
gi.idiial (‘let tiilication slioiihl be pul in li.iiid, eeonorin .iiid elln leiicv in the olil 
inetlioils ol power production wo'dd slil' be iiecess.m diiiiiig the mlen.il’betweeii 
the present time and (he date on which the whol.' (oiinliv i.in be snp)ilied with 
eleetlieiti. 

.Vssiiniing, then, th.it there is no ininieili.ite pinspect ol g^sitlv increased bttihtie.s 
for obt.lining power from exteinal soiiri es, the capable iii.in.igi'r jd ahiiodeiii plant 
mu.st see th.lt the saiiie'standards ol ellh-iency are ni.iiiit.iined in the pri liiction ot 
internal poveras in anv other depaitmeiit o''thi^ lai lore Ibit until the boiler house 
ceases to be looked upon as a necessai'V I'Vil', there will be lillle hope of iinprovgment 
lllion the eoinlitioiis (liat, prevail in'tlie aver.ige fadoiy to-dav 

In view of'the high prices' ol all fuein, anil espee^jilU of coal, the waste tiud is 
allowed to go uneheeked is aopalling.' Ko siiel^ waste would be tolerated for a .single 
day on the mamifactiinng side. W^liy le it tolerated in the prodiietion of power? 
The answer, IS that wh ace onlv beginning to realize, in the light of recent develop- 
‘ • ' . . • 
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ments, that the economical production of steam is just as scientific a business as the 
economical proij^ction of soap, paper, or doth. 

Every boiler house shoi^d be in charge of a skilled engineer who has studied 
• the art of producing steam as thoroughly as the factory manager has studied his 
particular craft. Under present conditions the boiler hou.se is generally looked after 
by the works engineer, who, as often as not, is only a mechanic b)4 trade.. This does 
not mean that the meehanie, generally a very old eniplo 3 'ee of the firni, is incom- 
jietent—far from it!—but he dees hot possess the specialised knowledge fieces.sary 
to run the boiler house-in ,the mosff economical, manner. Again, if^an engineer or 
mechanic has to divide his attention betwdfen the works and the boiler house, it is 
always Jhe boiler h^u.s« tha^ receives the .smaller share. Some machiiierv suddenly 
needs attention in tjie factojy, alid’if Jthe eifgineer hapiit-ns to ^e .sup^rinteiiding in 
the boiler house, he mu.st leave his work to attwid tp th*e needs of the factory. 

Very few owners*realizS tvhat a J)(5ile%p^int really is. The boiler phyit is a pro¬ 
ductive department i‘^on its owiii’^ u^iere *.*rtain raw materials- air, \mter, and fuel 
— are treated in %uch a manner ^dit they pfoduco a standard article -namely, steam 
of a predetermined (piality. IJecause the boiler prt'ssuns^annot be maintained, this 
predetermined quality*^s very often not jupplied, %nd then, but not till then, the 
manufacturing side begins t()«uniiife.st an inteft“st inUie power jdant, though generally 
ouly in the forjn of complainf;* ^ • ' 

Hlany of tljo larger factory ovvifor.s,»howe)(^, who have Studied the matter from 
a pntctical poijit of|yiow, r^lize that it is useless to niaintaiu strict observation over 
one ])aTt oi*!^ phint while .lAlowing iyjother part to function as best it can withfiut 
ex[)evt attflitioy.' ,Scveral o4 the model^woj-ks in this country, whose products are 
known.in every household, generate their owf^{)ower in what may truly be termed 
“ model ” power houses, b*,cause they founTl ^ut that this is’the correct proce¬ 
dure. The utilization of the raw materials, fuel, water, afid air, is under constant 
observation by a skilled s(a4f. T'onse^uenfly, the finislmd .juiuluct, steam of a 
certain pressure and tempeAtiire, is of uiiifoiin qualft^ Only a very small variation, 
within 2 per cent, df the, standard, is pelmitted, wifli the result that the productive 
capacity of every dt^artment using steam for process work is known, and can be 
regulated to a nicety. * * , , ^ 

To achieve s\ich resulfs the prodpctuui of stjam mu.st b<! in the hands of a skilled 
engineer, who has mastered his subject.* A small nmnber of* such highly-trained 
specialists exists to-day, and th^r ranks are constantly increasing. 

Moat j;eclinic,jl colleges have a separate department for fuel technology, where a 
fixed cour?e of instruction may be followed. Specialists <n this line of work have 
received various names, such as combustion engineer, steam specialist, and technical 
chemist, but these titles are all intendeS to CMWjy the same meanhig. In this book 
the term “ engineer-chemist ” will be used to (fescribe tins type of sjfecialist. 

The engineer-chemist must be a thoroughly practical man, and besides possessing 
*5*recognized diploma, awarJdtl aftj?r thre^ J^rs’ continuous study at a technical 
college, he should have served an apprenkicesfiip of^at least three years, the greater 
‘ Steam Power mod Mill It'ort, G. W. SutcIiSe. 
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piirt of tills having heen spent in the mailing and repairing of boilers and auxiliary 
apjihanees. He must, in addition, be able to prove that he has lugj at least three 
years' jiraetical experience in boiler-house work, and that he ])o,ssesses an unerring 
knowledge of the eombiistion of fuels Ifis fiinetion, when a fully-fledged engineer- 
ehenusl, will be to take complete ehaige of the |)roduetion of power, and to operate 
this depaitjiient in such a manner as to obtain the highest ellieieney possible with 
the maeliiperv at his disposal The engineer-elieniist will proliiibly be responsible 
not oiilv'for the ellieieiit production of the .steatn which is used as steam for process 
work in the factory, hut also lor tlje proiliietiiM of iiiei'(ianieal energv, by which is 
meant the jiroper iitili/.atioii of the .stcatiii iii either rci iprocating engines or turbines 
as the ease mav be ' , , ^ 

AVitli the latter item this book is iiot^cuiicc.rucd, and Jor com eniciice it-is assumed 
that all the steam geiieiMfcd p,iss(v< through one 111,1111 stop-vahe ,sitiiated at the 
entrance fii the f.ictoiv The eiigiticeryheiu'hhs diity'ifnder sinli couditioiw is to 
work his boilers, t>!ie auxili.iii ,ippliaiiccs siii li ,i's siijierheateis, (yoiioiiiizers, etc , and 
the siibsidiarv pl.iiit couipiisiiig lecil-wylcr lictillneiil app.iiatiis, coal haiidliiig 
plant, etc, so that the sti^.mi pa.s'ing through the alo'ienieiitloneil slopj\al\e may 
alwMvsbe: ' \ 

I. tIt tlie s.mie piV.ssuie, s n 

1!, Of the s,mie teni|M'refurc, if slipeihealcd » 
o AS clic.ip ,is pi_is,sible,- ' 


. (I I ' 

'The more stages theie are 111 the m.iniibutjire of -i ci|-miuoditv the 11,'pic dilliciilt 
it IS to tlx the final selling ])ili c, and llclipc I Itc glcater llie need bif all-rout,d si ii;nt die. 
control, I'ilectncity power stations»iiiighl ne i|Uotcd as ,111 mslancc ol dirent con- 
versiou of the iiiushed piodin t ol Uic boilcthojise into ihe hn.il conmioditv as supplied 
to the consunier mmiclv, cici tiical eiieigv. It is, theiefore, a coni|iaialivcK siinple 
matter to total the direct-aiid mdirci t uosts «iMil\'cd iii the production, and to arrnc 
at the selling price. * ' < s • 

On the other hand, where the raw inaicri.il undergoes manv changes, as. foi 
instance in the niannfactiire of so.ip, the matter is more coieplicated Take, tor 
example, one mgredicifi fat .Tips oftep comes to the soap woiks as imliistrial 
refuse, and is first melted down tor piuilicafion,, Then st Is boiled manv times and 
subjected to several other heat tre.itment.^, m addition to which it is pumped by 
steam pumps from one (le|iartment to another. 'Hie cost ot steam is thus sir’ll to 
be an important factor in soap (iroduetioii. . ^ ^ 

In the dveing industry, where the raw material is almost constaiitly^m boiling 
liquid of one .sort or another, so long as it remainw m the works, the ellicient manage¬ 
ment of the boilei' liou.se may maktsrall the ifilleienee between a loss and a,jiiofit. 

It Is the dutljV of the en^<neer-cliemist to compile statistics from week to week, so 
that the cost per unit of steam may be known and controlled. X unit of steam may 
be fixed ,it any magnitude, but in thji bpok the,unit quantity will be 10,000 pounllS 
of steam of the required standard. ‘ , 

Few people realize .he tremendous influence vyhicli oast of .steam production has 
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exercised upon international trade. Great Britain has been endowed by Nature 
with very larg^and valuable coal deposits. Formerly coal was very cheap, and the 
long period during which tjie price of coal was low has given rise, in the minds of 
most people, to an idea that coal is common stuff. The price of coal has not been at 
the high figure at which it .stands to-day long enough to make us realize that the 
economical use of this now expensive raw material is a matter pf urgent necessity. 
A casual glance into any vehicle taking away house refuse, with particular reference 
to unburnt fuel, commonly calleif cin<ler.s, will confirm this .statement! Similar 
wastefulness characterizes .the ot>er*fion of mos|, boiler plant* 

Coal, in the minds of works enginuers jiS of ordinary people, is simply there to be* 
burnt,,and with Jhai th^ matter emls. Outside the gas-making industry little 
thought i#given to^the possibility tif tixploking this rich’mineral to its fullest extent 
by first subjecting it to such a T^crocess as low,tem^erffture carbonimljon, so as to 
extract from it vsddabici Icy-luoduc^slii the^orm ot oils, illuminating gas and artificial 
manure, before burnmg the “ saini-(’'okc ’Vesidtie. This subject is^igaiu dealt with in 
the concludingtihapter of the present wor^', and is mentioned here merely to indicate 
the comnjprcial po.ssibilitiies of scientitic steam prtiduc'tiyn. 

The question iram^fiately under consjflefution the relation of steam jiroduction 
to maiwifacturing costs. iV carcdul study ck the steam-raising methods adopted in 
countries inH'liich coal depdslts are no(i-existent, or, if they exist, are inadequate in 
quality and ^xtenf, lirings to liglft a iua.ss cjf^markablc information. The inhabi¬ 
tants of suclk.<?outtries hjve been taught to place h very high value on coal, and 
have jjiarni Jlicilr lesson weli. ARRo^Ii in maiiy instances manufacturers are charged 
double th^ prige pgr ton paici by British owpers, the cost of producuig 10,000 pounds 
of steam of a given standard is very mlieh leSfc; The eijdanation is not to be found 
in superior boilers or apparatus, for gritish •pfoducts digserve their world-wide 
reputation for excellence, and in several of the cases which have been investigated the 
plant was of Briti.sh manufuature. Tltaam Ji produced cheajily under unfavourabre 
conditions, because tho.se ^sponsible for itiproductiiflV have applied to their problem 
reliable methods df scientific control, ifigether with personal interest and an almost 
loving care, that wiil always produce good results in whatever part of the world they 
may be applied. * , , ^ 

There is no reason \?hatsoever,why every Jioiler house .should not be ivorked at 
the highc.st efficiency possible^ with the*quality of the coal burnt and the purity of 
the water used. Baising the ejiciency of boiler hou.ses, including those attached to 
electricijJ pawej, stations, will only bring this department info line with the produc¬ 
tive efficiency prevailing in other branches of mdu.stry. .• 

Fig. 1 repre.sents graphically the efficiency at which an average ppwer unit can 
ba wOrted. • • • 

So far, only land practice has been discu.ssed, bub there “liP room for vast 
improvement on board ship. The great d/awback infthis case is that marine engineers 
are called upon to burn coats of cqnstantly tiipying quality. This is, of course, one 
of the chief reasons why mechanical stgkerl have not been introduced.long since. 

* Power Production in the UnitedJCiuijdom, Manchester Association of En^cers, 1914. 
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Coni})lcto combustion, where meehanieal stokers are fitted to water-tube boilers, 
depends, to a larf'e extent, on the suitalnlity of the fuel for the typtt-of stoker used 
and Ihe .seltiiiK of the brick arches. A sliip .saihni; from tins eoiiidry to tlie Kast 
will perhaps hunker in th(‘ liristid dianiud with Welsh coal, rebnnker at Aden with 
Kewea.stle coal, and hunker a};am for Ihe return journev with Indian coal, ruder 
such conditions it is very hard to work boilers at a uniform standard ol ellieiency. 
Also, the conditions prevaihni' at sea are not condiicue to hiyli ellieienev in this 
respect, especially when carao boats, hayiiift arp\ed at a foieijtn country, coniinence 
a series of .short trips from ]iort to poit. d’his mchiis that the fuam boilers .nc worked 
‘ yery irreftiilaiiv, and losses occiir'whcn bankiif" fires. 

A strict system of luel econoniy is, howeyer, eiilorced -in boar 1 most oi th" ships 
belonj'in^ to fhe larger companies, wilii souii' yery remarkable and praiseworthy 

results. \ keen competition yery 
'.ifl ,‘11 exists bet V cell chlel eiieliieers 
of .sister shijis, which i^ directly 
resp'ou’sihle for x.iiious niiiior ini- 
pioxenients which all lielfi (owaids 
raisiiie the stal d.iid of elhi leiicy 

A l.ief that IS hilly iecoei'ii/.ed by 
* niaiine eiiiriiieeis, but 'iMleii o\er- 
looted on shoie, is (he ynpoi laiiee of 
refiulatine *he sle,,iii co.ifiimplion of 
, ii'ixill.ifv i'.iachinen s'ucb'',is |ii|inps, 
fans, etc' The coiiiwctioii between 
this topic and boiler ellicieiicv is to 
•Ik loiiiid ii' the obhil.itloll laid Upon 
the eii;;iiieer iii chiiree ol a boiler 
" plaid to use as hull' -.teaiii as ]ios- 
slble fill ills IIWII pill poses The 
le.ss ste.iiii he wastes mi .luxihary 
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m.ichiiierv 111 liisi<e|i,iitiueiit the more 
'he will he able to send lliroifKh the 


mam stop-xalve on the ste.im rani;e,-.ind Iherefiie ilie‘iiu>her will be the net elli- 
eienev of Ins jilaiit. It he wastes laifie ipiaiitities ol .dcam by iieelectiiiK leak) piston 
riiift-s, faulty yalyes, etc , he will h.tye less to supply to the•l.iclory. Theie i,s no 
detail, howeyer small, that iiiiist escape Ins afteiitioii, and his aniirnii'h ^ilways bo 
to keep eyervtlnnf' under “ins ch.iiee in the best condition possible. 

(b) tif Ibiiirr I'ltil.- The types of pewer'iinit to winch an eiii'iiieer may Uc 

apjiointed vary yt'rv consideiably. ‘1*’ir.st of all there is the ipiestion of site The 
size of a power iiliit-' that is.the size aiid number of boilers nniv \ ary from one small 
vortical boiler workiii}' at a lo^ jiressiire'to ti battery of eighty laige-sized watej^ 
tube boilers working at high, pre.ssir._e. . Then there are the auxiliary aiipliances, 
which may bo repie.seiited by ii iiiode.st injector or include complete batteries of 
economizers, ^separate Ru])erheater,s in every birlor, a large installation of Joed 
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pumps connected by an intricate feed ^ipc system, and both forced and induced 
draught fans»»* 

Strictly speaking, the jgjj'er unit is that part of a boiler house which is actively 
concerned with the generation of steam. The subsidiary plant is, however, of almost 
dljual importance, and the handling of fuel and ashes, the feed-water plant and pipe 
system require the engineer-chemist’s individual attention. It will /herefore be 
apparent that there is real need for a specialist in j,he boiler hou.se, ^ho, besides 
ensuring^the correct functioning oT each piece of mechanism, will work’the whole 
plant as one homogeneous unit, •tn addition, such tasks* as the supervising of 
records, whicji aV> included in his ditties^ ^’ill.fully occupy him when not attending* 
to theyictails of i^inagem^nt previously meutToned. 

Very'Targe boijpr housgs, sucl^ as thoAi attached To the electricity generating 
stations, arc generally managed\y a large stafi of ^xpeTts.^ First, of «ourse, comes 
the lJoiler-housc*nuyiagcf, *who isye.spoiis^rle for tjie correct working,of the whole 
plant, and is in cthtyge of the byiler-houftc .st.all. The senior assistant on this staff 
will be the conflntstion engineer, Tvhil.st tl^- other assistants will be in charge of repair 
Vi’ork, diaposal of ashes and handling of Jiicl, sftpervi^on of puni]) house, and so 
forth. It is not prop^.sed to deal with ^le indivitlual duties of such a.s.sistnnts, but 
only with those of the manager. In an ordiflarv htuler house .supplying the necessary 
power to ft factory, the cnJ^inqjir-cheiaist may Tiave to perform, in addition to the 
manager’s d|;ties, Nearly all the dfitie^*,whicli^ the case of a large jrower station, are 
alldttcef to,a«sistiSits. , , , * 

TJie n«^, jUjint to couftder ih 1% type of boiler. This varic.s almost as muflli as 
the»size f5f th*( p(kwer plant* to wliieh*it. it* attacluid, and is the direct outcome of 
special requirements which must be Tulfdled. There are an enormous number of 
boiler types in existence* and a deswiylion of tliese alorui wotdd fill a very large 
book. Til any ease, .such a description would serve no' u.sefiil purpose, and any 
information tlie cugincer-chernist reqiftres 5e can find in otig or other of the many 
excellent books which hafe been written oft the deSij^i and construction of boilers.^'*"* 

For practical purposes of supervision and nnUntenance it is only necessary to 
consider the six principal types -nainely: 

Lancashire and Ct)rji.sh boilers.. * 

Water tube boilers, multiple*druin type! 

Water tube boilers, header type. 

Cyliqjlrical muftitubular Tioilers (generally known as Scotch murine boilers). 

Vbfttieal Boilers. 

Jjocomotive boilers. 

JfacJi of these boilers has been dAignedJ^a meet special requirements, and will, 
therefore, generally be found working under the conditions for ^hich it has been 
designed. * 

' Ncchells Power Station. JJiriiiiiisl*aii%/i'n,'/i«fy(»</, No. 2984, p. 291. 

‘ Steam Boilere and Siipjdementarn Appliances, W. H. Kowlerf ^ 

“ SleMin Boilers: Their Theory ana Design, H* de B. Pwsons. 

* Slenm Boilers, 0. H. Peaboily and E. Miller, Mass. in.st. of Teqjmoloev. 
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LANCASHIRE- BOILERS • 

t* 

Ttiis boiler, by virtue of its sunjile <'on.strueti(in ani^ the very rouf;h treatment 
it IS eajiable of witbstaiwliii'', lias foiiiiil universal favour as a steam fjenerator, and • 
is the type {Generally found in the boiler bouse attached to an ordinary factorf. 
■\Vben j)ro|ierly \vo(kecl it is economical, and even at liiftli jiressures f-ives e.vcelleut 
re.sults. It^does not siiIIit to tlu' same extent as the other ty})es from the ill effects 
of inipiire'feed water ' 

Cornish boilers are very similar l,o laiiicasliii^' boilers, exceptinj' that a Cornish 
'boiler IS onlv fitted with one Hue, Aihilsl if Laiir.ishire boiler has t\i i. ^ 

There are a host of modifieil Lancashire boilers, Knowij iinib'r ^ \aiictv of jiaiiies, • 
but no diHiciilfv shoidd be c. 1 |.ciieni-cd nr a|)pU iijt the ri;niarks t^i.idc in these paoes 
ujioii the eeiieral Lancashinr ty|ie to^inv of its inoifitications. 

The reader's attention iiniv hcrc'be (lr,j(i\ii ton piistak(‘rti.it is^dlftm made tlipoiioh 
confiisiiif; Lan«.islure boileis with the (laHowav'cl^a*s of boih‘r_y. 'Pile furnaces in 
nianv Lancashire boilers .ire lilted with cr|iss-watcf fubcs in the Hurt, and these are 
spoken of as " (i.illowav tiibj^s " 'Phcre is a vast difference between this construction 
and the real (lallowav boiler THe ic.d fr.i],lowav boiler is .I'l^dilei in in.inv ii'specls 
similar to the Lancashiic fv|)c, lait tliP two liiiiiace tiiJies devclo|i into oite laiae 
oval Hue in whnh .ire situ.iteil ,1 itimibei olr iToss-w.dfi tubes, and thr lenjtth of 
whlih IS about three lmiesth.il of thi-jS^ites nf the'fiiriiacc tubes • I* islhe presence 
of these cross-water tubes that'eauses ihc loose expiessiyii. " (J.jlowin’^bofler,' to 
be used when iii re<ilitv onlv a L.incasfiiie bodim llthsj w*lh cross tiihes^iK tlii^ flues 
is meant. , ' * • • * • 

\VATI-;K TI BK* BOILKIIS 

The water tube boihfr (s cssenti.illv a pcfier st.ition boiler, bciiif; speciallv suited 
to conditions m which it is insess.irv in ocncir.itc*.! I.ji-ee amount of eiierjiv on a 
limited lloor s|)acc Iil cerfainjofins of ijmsf luctioii'lhcs^- boilers can be earned to 
a oreat lieif>ht, thus laijrely incre.i^ilio the ponei eeneiated jier sipnire loot of around 
occupied. * , 

AlthoU}»h the water nupplied to Ibis tV[)e o4 boiler must be ab.soliitelv pure^ teed- 
wiiter trouble is practicallv non-e\isfeiit in ni idem jiower^sUtions where the boilers 
are fed with properlv de-olled condeiisate.i^and ^tliere onl\ arises the ipieslion of 
.surtiiblv treating the small percentaae of " rri.ike up feed w.der which is rerpured 
to rirake up for the loss by leiikaj!e at ahuids, etc. ' , 

On ai'couiit of the liif!hpdtlcienc\'‘Mt which rtn;v niav be- woikeil, The small space 
thev occupy relatively to their power-|)roduciiia cpiracitv, their einmeiit suitability 
for high pressures, and the speed wiUi wha hlthev raise steam, water tube, btiilerS 
are becoiiiiiifr more and mort* [lopiilar.* 'They tire iiscrl exrdusively anil witli great 
success III the Ro%l Navy, itud tire also being iiitrodiiied into the mercantile marine 
for ships having a coniparativelv high .sjreed, such as large transatlantic liners. » 
Many large works have a rt.implet^ electric pfrw'er station of their own and, in 
such cases,'where the boiler plant not only lias to supply high pressure .superheated 
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steam to the turbo-generators, bflt also to meet the demands of the factory, water 
tube boilers h#ve completely displaced*thc Lancashire boiler. 

The water tube boilers commonly in use are of two distinct types; the multi¬ 
drum and the header typ6.* The multi-drum boiler consists of a large number of 
tubes, either straight or curved, which connect a number of steam and water drums. 
The disposition of the drums and shape of the tubes vary according to the design 
of the maker. The number of makes is large, but the differences arc <5nly in struc¬ 
tural details. In all these desigss the boiler tubeS are expanded diftst into the 
shell plates of the steam and wat(y*drums. Stirling boilers^ belong to this type. 


»\V.\TKR TUBE BOILERS' HEADJtfR TYPE 

In the header type of water tuCe boiler a series of tirt)es is connecfeci by front and 
back headers, fl'hese hiSifl^Ts are ijj^tiirii^connected to a steam drum, and in some 
ca,ses to a water .oi* mud drunv Vh c'gr*at ativaut.age of this class pf*lioiler is that 
by removing the small doors, (h’^Tandhol^covers, which are fitted oj»posite each tube, 
■all the t-i^bes are made acccs.sible for thorough itispecUon or cleaning. This cla.ss of 
boiler hai^boen iirtil^Jliccd on boaiil .shij)’ with Ifre-ar suci'e.ss; and it is also very 
suitable for power .station work, l)ecau.se»it msl^ be built to a great height Avith 
super-im|M)»ed economizer'aTul air hegter. * 

In this ^nfic^tion it is worthy «f not^4if!it in soAeral instances a very useful 
comprctmise»bet\fecn Lancashire aiurAvater tube boiler has been m.ade. To meet 
the ref|uif?m#ids of a fairly, krge^but fluctuating, demand for steam, two water 
tulje boilers ^vorjj'ing in exjunction’Avith three Lanca.shire boilers make a good 
arrangement. If one liancashire boililr’is a reserve lazier, alloAAung a certain margin 
of poAver to fall back u))on A\'hen cleanjn^is neci^isSry, the pljjnt Avill nominally consist 
of two AV'ater tube boilers and two Lancashire boilers. The Avater tube boilers Avill 
take the brunt of the load'jitheV coiubinei evaporation AviU be about ecjual to the 
average .steam demand, i«id tlie two LanSashire betters, which may be Avorked with 
a comparatively J;ood etficiency at sifiall loads, aWII act as a regulating set to keep 
the pressure coiiidant. * 

t’YLINDRICAl? MUyiTTUBUL.AR BOILERS 
(Sj-OTCH Maki.vk Boii.ebs) 

ThiSJ-ype 9f boiler is almost exdusively ua^l on board sliips. It is made single 
and double-ended. The latter may be roughly described as tvA'o single-ended boilers 
ylaqwl back to back Avith one comifon shell. ..The boiler consists of a cylindrical 
shelL*ii\ the lower half of Avhich are tAA'o, three, or four furnace^, according to the size 
of the boiler. Each of these furnaces, at the back end, opens Ifeto a combustion 
»chamber supported from tfie back of the boiler, and also at the sides. The upper 
part of the combustion chamber "is cortAct^S Avith 4he front of the boiler by means 
of a nest of tubes. 
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The main (hllereiiee hetweeii hoilera of this type'and water tul)e boilers as regards 
tlie jiassage of tlie gases is tlial m tlie inarnu' boiler the prodnets of eiwnhiistion ]>ass 
IhroKqh the tubes, whileln the water tube boiler they pass nxind the tubes. 

Seoteh marine boilers eaii stand remarkably rcaigh treatineiit, but they have one 
great drawbaek. The shell [ilates are neeessaiilv very tliiek (an average figure beiiifi 
Ij inches) on account of the large diamelei of the boiler, which is sometimes 18 feet, 

and the joints in the shell 
• ' ' • it.self, and where the shell 

and eipl jilates meet, arc 
iiievitablv V(/.y rigid. It is 
therefori'^ ne'-essaVv to allow' 

• thes'i' boilers pleiil Vi of* time 
•• when raising steam, .so lliat 
a gi'ndiial anti \erv imitiirm 
^ inereasi' in tempeiaf lire mav 
••take jilaee' • 

' f 

«• 

VKiVlt’Vb UOILMIIS 

« tr 

4 vertical t\j)c of holler 
•is not so liHiMiion as tlios(‘ 
.tlivaih iiK^itioitcil. • It IS 
lariTi^v ummI onj»o.fi<l sliin as 

.1 (loiiki'V holler - Tlijt 1 ?, lor 

• • • 1 * 

iicneratinj: ''team wiumi in 

jiorl.^.sii that m.im boilers 
mav be shut ilowii for elean- 
► iijg It IS also l(aind siipjily- 
mg jte.ini to small lactones 
wlieie sji.ieikdoes not jiermit 
ol .!• Lain asliire boiler being 
installed. 

yiiksfiation No 2 shows 
a Coelitaii boiler, which is the 

best known boiler ol this 

« » 

*tvpe. and has ijls.i been 
ad.ipled for usi- wluRe large 
ijliantities of waste gas aie a\.iilabl<’. Dther linjkes of vertical boiler aie most 
commonly met with.in a smaller foim,on cr.iiicfi. steam road wagons, etc, ^ ., * 



yio. 2 — Cell-Kiiihii Coem'.is- |{eii i n wiiii .Sum l•M!ll\ 
('I I V\\ 'lo sliDU Im I KTIIK 


h()(^(.)M<)TlVK HOILKHS 

Tins holler prartK'allv consists of ^closed sloill. in which are situated a liirf'e 
miinher (jf Kriuill tubes, the products of cfunhustion jiassinj' straij^ht through the 
tubes and theu.awav. * ^ 
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Locomotive boilers are, as the iian)p implies, fitted to all locomotives and other 
similarly prt^elled machines such as traction engines and .steam rollers. They are 
also occasionally found as stationary boilers, ch iefly in agricultural districts. Outside 
their employment on the railways they are not very important. 

It is not propo.scd to deal at length with this type of boiler because every railway 
company has evolved a special design of boih.T to suit the specific requirements of 
its services, and the whole organization is regulated accordingly.' Tluicngine sheds 
each ha,vc a highly-trained staff w|jo know the exact re(|uirements of the particular 
design of boilex fitte'd to their company’s engines, and tffe whole system of feed¬ 
water supply isVegulatcd to .suit the prevailing .st'rvice conditions. The supervision 
and ■lainteuancAofloccojiotive boilers is a sUidy by itself, and those ile.siring further 
informiifion shoukl consult thc^sjjecial litAatiire of tliut subin(;t."" 

Each of the s^x types^of boiler is, of course.^re^ires'ented by a very large number 
of makes, which fcict alom; wilU^ive avlifijlit indication of the great diversity of 
steam-raising a])})aratus whicj^^ie engificer-chcmist may be catled upon to manage 
efficiently. , • • 

So f#r, only the l^oilers themselves Ijjjve, been desvribt'd, but all modern power 
jdantis, and a large immbcr of the olde*installations, arc fitted with auxiliary appli- 
ance.s*.such as economizeft,^uperhcaters, machjnery for ])roducing artificial draught. 
All. without cje(y)tion, are j)r#vided Vith the necessary arrangements for feeding the 
boilers. .\*i ali^o.st incredible VariVy ofcjliachinerv comes under the heading of 
auxiliarv*iPplianee.s, amlas, wit|( very few e.'|ce])tion.s, each sort t)f auxiliary apparatus 
ran«l)e (%»ibnied with set^erill typi» boiler, innumerable variations may be nbticed 
in'the (retail# of Installatu^is at two J)tinl>s in the sai^e town and attached to works 
in the .same industry. Such great difference ia^wajen classes of apparatus designed 
for the same jmrpose c.xTsts nowhere*el*‘ in industry. • 

The engineer-chemist has i^lai^;e lield^to study befdre he may consider hini.self 
proficient, and even then it*is the aihfpta^rmi of ja-rsonal kntmledge to th(! particular 
recjuirements of each imTividual ('lant, atfd not tde wholesale application of standard 
facts, that will "producq high efficiency, and so*]>rove his ability as a specialist.® 
The subsidiary plant, cornjirising feed watiw plant, aiit(^natic machinery for the 
handling of fuel and j'efuse, and su(di»other plant as is attaclmd to a boiler house, 
with only an indirect effect on tlio efficient working of the plant as a Avlioh*, does not 
call for great scientific knowledge, buf rather for practical cTmtrolling ability." 

• (fi) lAii/oiit and Kfficicnci/.-r Thii efficiency ,it which a boiler plant may be worked 
dej)end| fo a«Iargo extent upon t|je layout. ^Xlreat cate should therefore be taken 
when choosing a site for tt new plant. This is especially important for electric power 
• stations and large facfori(*s, and*tht^claims of the boihw house merit the most pain.^- 
takn?g thought before the .site is definiteiji Selected. The Iwd main considerations 

• * # 

^ Eiujiua Uatt'te Vmclice^ F. H. (’lurk. Inst. lUlO. 

^ Modern Lm'oimilire i’rneHre, (! F. W’ollT. H.Sc. 

“ Jyoromtiire Fuel Kroiumy. (!. IJ. ff«.ker.^lailtt'iiwEducation Association. 

* iSiiperhented Sfeuin in Loeomotire Id^vire, W. F. M, Goss, University of Jffinois 
^ Wotking of Slrinii Jtoilrru, E. G. llTllcr. • 

“ Steam Power Plant Engiutering, G. F. Gcbliardt. 
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are proper facilities for transporting fuel ijnd an abundant supply of good clear 
water. **' 

If it is j)ossible to place the new works near a snitahlo waterway, both problems 
arc solved. A suitable waterway would be a river or canal, the water of which is 
free from an e.xce.ss of scale forming salts in solution, is at all times reasonably clear, 
and IS at no t.me .subject to pollution by the influx of sewage or objectioiiable chemicals 
from other foctories situated m the vicinity. .Vlso, such a waterway must be of 
sufficient breadth and depth to jierniit barges vf fuel to pass at all times.without 
reference to tide, or season. Further, it should lead to a rclilible source of coal or 
other fuel, preferably to a colliert direet, ‘Aitfiout undue liability^o stoppages in 
transit. , • f • 

The cheapcif metkod of Iraiisportiiiff fuel ts Jiy wat»r, and «s coal i.s* the fuel 
most generally used to-day, rcfersiice ts made to a colliery in the iireccdiiig sentence. 
In the futurOf coke will jirobably take thf- jilace^wf coal, and tiv wnml “ I'olliery ” 
will then him* to' be deleted and “ ga.s^ works,'.j*jiiscrted. As matters stand 
to-day. a cbeap steady siqiply of fuel and ^ilenty ol ^ood clean water arc thi* chief 
considerations • ^ • 

So much for new ])lants. More ini]iortimt, however, is the ccoiioniical working 
of the hundreds of boileis on existiiifi^plants. This is My/often a dillicidt piiflilem.' 
The actual trouble in most cases is th(;jery coifiplicidKd nature of thejiower installa¬ 
tion, especiallv in the boiler plants of tlims llijft have been established n long tune. 
The firm originally started in a small vuiv with jiediajis t»o l.aneashir^ boilers, as 
time went on, additional niachiiiery was iiistall/'iKiii tlie'fiiAoiy, and tfie kittd oi the 
boiler hou.se was increased, t^e original two.^oilers, pnfliablv low-pr«,snre boik'rs, 
were no longer able to .sujiplv the^ nece.ssary steam, and an additional boiler was 
installed. This new boHer was probably siightlv larger. If space peinutted, and 
possibly fitted with a siiperlieater Theij one of.the.oiiginal boilers was condemned 
and a new boiler No. I was installed in if.s^iihiVe. Thislioiler had iieces.sarily to be 
of the .same diameter as the old boifer-- ceifainlv not larger but m^order to improve 
the output of the ]ihint it was ]iossibIy a little longer, sav.a Stl-foot boiler in place 
of the original IfK-foot lniiler. .\t a later date, new high-pressifie machinerv was 
installed in the factory, the old jilailt havmg^liccome obsolete, and an additional 
boiler, No. 5, was bouglit, although at ])resent fmr boilefs only aie working, one 
old boiler having been replaceil by a new one. There was no room for boiler No. ■') 
(and an economizer) next to the existing plant, and#it was jil'aeed in some other 
suitable position with siiecial reference,to the cliiiyney. \ new flue be(anic'iijj(vs.sary 
as the old one was too small to deal with all the products of combustion, and this 
necessitated cutting a new opening in the clj|iiniley. lloiler No .b was probably, 
installed to .sup])ly sfcam at a higher |hr«saiiie direct to .some of the new inacfiinery 
and therefore had* a pi]ie syi^bni of its own. To meet eiiiergency requirements, it 
was fitted with a sjiecial branch Amncction to the ]irevi‘jnsly existing steam range 
with reducing valye interpo.sed. .At a lifter date, further improvements were under¬ 
taken by installing an induced (Irapght fan and more economizers. 

* ^ Kco7ic^niral Morkmtjof Ji(nler.% R. WiI'mhi ^ 
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Illustration No. 3 shows an indvfced draught fan, which should always be arranged 
to have a straight “ pull.” The discharge can be arranged in any manner desired. 

It will thus DC seen that the boiler plant of an old factory may be a complicated 
arrangement of power units,’ dtlling for considerable skill on the part of the cngineer- 
ciemist to work them efficiently and as far as po.ssible as a homogeneous unit. 
Additions made to the power plant at successive stages 
present no great difficulty, and with expert advice can 
well be carried out in such a manaer that the plant at 
all times may be worked at a high «j(3ciency. 

Unfortunately however, firms buy, boilers according 
to catalogue * performance, and expect' a Iwiler to 
produc? t^e 8ame're.sults when added to an old plant, 
as if working undef the codditicns’prevailing on a new 
plants where tlje. draught is sufficient to» lAirn 
economically the ffiel required 'to giy,e’ tlse stated 
evaporation. , ’ • 

This is not the only t/oulflc. The hew boj[ler is 
very often set by Icssal bricklayers und(» the super¬ 
vision q| the firm’s own mechanic. AiPnij^y be skilled men in their trade, and 
capable of excellent work wjicn called upon to«(jonstruct an edifice out of bricks. 
But to set a Imiler in a limiJcd sp^cc in existing plant and under difficult 
conditions is’a jol) for specialists, rdljuiriiTg, in afldition to expert knowledge of 
materials, Speqjal methodi of construction, 3itc., a thorough acquaintance with 
streariT linn Motion. ** » 

(3nc of thelmnfediate results of iisiag ordinary lahcjir to set a Lanca.shire boiler 
is likely to be that the draught in the aide flues, .instead of being ample under the 
heaviest load, falls far short of the marh i^en at light loads, ’Under these conditions 
fuel cannot be economically \jtiliaed,*and the evaporation of the boiler is limited by 
the maximum intensity o£,draught obtaini^le. Jlp.'it boiler plants cannot maintain 
the steam-pressure required of them, iind in tryijjg to remedy the deficiency the 
firemen offer the boilers more fuel than can be consumed economically with the 
available supply of air, and the volatile products escape Jinburnt, causing black 
smoke. 
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Ln|Uid fuefs. Midi as Mc\ic<in, I’cisian Tex.is, IJ^'^nco, C.diios'ni.i, and Koumanuin 
<Tiid(‘oi partiallv ic|in<‘d <)ils ^ • • • 
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To (he solid iuel (lass lH*h>ni:all thcj\nf»\\n vancticsol (»f!d liom iiood antlii.icil(* 
(i«>\\n to iniciioi hiowncoal 'I’Ih' ^dlowin;; table ui\es .1 se|<'( iion ol mk h fuels with 
their .ipproxiinate ,injd\siv, and < aiv^i die value ^4 ^ ^ * 
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All solid fuels contain <arli*)n. hv<ff(»^^*n, and V>x\iren. in addition to a variety nf 
other substances. The^ixvteiit t« winch citilH^n, hydioeen, and oxygen are present 

ir> ’ 



WORKl^ THE POWER UNIT 


r, 


i^uences its character, and‘therefore the treatment it should receive whei 
burnt un^ef boilers. Failure to gra$p the significance of this fact i» ono.of tht 
■chief reasohs, why boiler plants are worked so inefficiently, and so often pollute the 
atmosphere'wjjth black smoke.* To utilize coal to its fullest extent we must under¬ 
stand the natl^ pf the coal and treat acmatogly ; but few firemen appreciate the 
■^act that all e^ls axe wot alike. ■•'?».■ 

;. In order to distinguish the various kinds of coal they have been given such names 
I^TOthracite, bituminous, semi-bitmninous, with additional descriptive "Adjectives 
(^“caking;” “ coking,” and others*it^hich describe their special behaviour when 
Being burnt. Thii\terminology is verji vagme, a*nd alt hough a fireman may know 
the difference betwij^n anthracite and a soft'bitWrninous coal, this knowledge is of 
ittle use*'bcijause the difference is,so.grfat thpt he will nei'cr be called upon to burn 
;hese two'ftiels undft the sifmc kofler. Give him two different semi'-bituminous 
jojils, epeh which ssquire* ipeci^'tr^J^'ent, ambhS is at a loss what to do. The 
leterminatiou'of th^^inethod. of ^|iiJ||^.Miffjjrent« coals, which ma^ com5 from the 
lame coalfield, requf|ii;^great skiffi tfcd 'i^oiild be entrusted to a competent .specialist. 
Pl)e present systeiri ofhurnin^difiT'rentfneJ* which jire regarded as identical because 
&y happen to home ij^er.the same geiierJh description, might well be compared 
■^•that oj a hospitalv^pwlych all ^ticifts>"iuffering from throat trouble should 
revive th'e gfime treatment irtSi'peCt^.e (jf the i^se or nature of the complaint. 

^ Carbon is ij^i ekuiaent reprcscifted.imchemiighif^ by the symbol G, and is a solid 
ht atmos"j)Jieri(^tenn.)eraturo and ,^SSiife. Wygen iwid hydrogen arc both gases 
at normal terap^ture anil )>|csstiito.*^ach of t^fese three elements is able to combine 
with offi; os IxdJi of the remaining ^HmSute to form a very large number of com- 
PjiunJs, some of which are solid, otHeiSl^quid, and thiHremainder gaseous under 
ordinary conditions. Some.of the carbonin the cwikis combined with the hydrogen 
also present in the'form of compounds kmwp^ hydrocarbons, but the greater part, 
which is uncombined, is referri^l t(f as*J^d ^bon. 

The atmosphere, as far anthe conibfp^iorf ji? fuels '.‘*3oncerne3, consists of oxygen 
and nitrogen. The proportion in whicfit^tese two gujjcs are iiresent is as follows: 


'• By volume .. Oxygen...20-!*j per cent. Nitrogen *79-04 per cent. 

By weight . ..* 23-2'.* „ * „ 76-8 

• 

Nitrogen is, of courgjp, an inprt gas, and takes no positive part in any combustion 
problem. It in^-.therefore be i^nj^l until calculations are made in which the 
actual voluJne of air is required, the \^lume of ofygen required having been ascer¬ 
tained.' The oxygen is the all-impo^ant factor because it supports combustion, and 
the’whclg question of the economical iltiii^N^ik of any fuel .simply resolves itself 
into'supplying a quantity of air which .wift-^n^in the nqpessaryemoj^nt of oxygen 
to ensure the complete edmbustion of the'ft^Si^e^'consideration. 

All fuels are considered in^he same coal is that most commonly 

ised and. the most complicated, an ave^tpi^l^iiininbuJ coal will be thken as repre- 
i^^tive example. The chief constituAr^ ttttis'ucli^a coal »re carbon, hydrogen. 
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oxygen, sulphur, nitrogen, ash, and water, the carbon and hydrogen being present 
both in a free state and combined as hydrocarlions. During the process of burning 
coal the raw material undergoes two comjiletely independent changes, nliicli may, 
and generally do, take ])lace at the same time - namely, the separation of the volatile, 
matter and the decomposition of the fixed carbon. The chemical reaction of the 
fixed carbon and oxygen to form carbon dioxide produces heat which causes the 
Ignition of the volatile gases which leave the coal during the coking stage. When¬ 
ever tlih heat caused by chemical union is .suKiciently intense to rai.se the resiiltiiig 
sulistaiiees to a teiUiieratiire at wliieli they »niit light, tlje act ol uiiuln is termed 
“ comliustioii." In order to (inif the theeretic.il heating vahy- of aiiv coal, it is 
neees.sarv to treat each of the coi^titiieiits, carbon, hvdrogeii,^otygiai, and .sulphur, 
as if they existed sepanftelv. and to york yiit-th nr mdi\idual eontriliHtions to the 
heating \ 71 lue of the fuel. The (;arhoii eonsttti.eiit “s by far the most important 
becau.se it is present to the laigdst extent, and when |•|■'lund («f uarboii is conijilctely 
burnt to form (iirbon dioxidn I l,.btM) Hi'lish theinial units arb generated. It should 
be remembered, hone\er, that this is only tIu'Vtfse when tlie caiboii is completely 
burnt, which is rarely the inns-' 111 actual pr.ietiee ' When a pound of earbon is 
partiallv burnt to form carbon mon'dxide, which happefis.when the air siiiiplv is 
iiisullicieiit to iirodiice complete comlnstnui. oiiK l.d.^fl heat units .ire liberated 
The dilTerenei' between thesi'fwo vabn's. amouilting to Kl.I.nO licjit units, need 
not be entirely lost, forthe ca^bol^Il inoxid ' can eonibine willith* neeessarv owgen, 

when this beeonii'.'C.nailable».uid, being 
itsell an rinfiaiiimabje can bum 

to foiiu eaibon dio\ide. and by doing 
so generate 1(1,bill heal iiiiils which, 
addeil to the l.d.Kl alieadv evolved, 
eijiial I b.Kld he.it units or exactiv the 
same ai’iioiint as if the caibon had all 
been con\ ited into (.iibon dioxide in 
till' Hist inst.incei Thi‘ lleures ele.irlv 
illiisir.ite'the exlieme iniporlani-e of 
eiisiiiing a eoniphde rediietion of the 
eaibon tit carbon dioxide whilst the 
heat units bbeiated can be absorbed 
bt the lie.iting siirliue ol thejioiler. 
The carbon monoMdeotlen escapes.aud 
’does not ignite until it»leaxe,s the 
> 1(1 4. - l!Ki.viiexsiiii'iinwi.rx ciij ixn chuiiiiev. when siillicient oxygen 

I'l n. I,I1SS ' ■ • o 

'J’cinjKTatuif of esjt irasr'^ .'lOD V- 

■ 1 . then lost. 

Kig. 4 shows the relfitioiisliip between the percentage of carbon dioxide in the 
flue gases and the |)ercentage of fuel lost. The average boiler ]ilaiit is worked with 
about H Iier cent, eaibon dioxide, aiid 12 to II |icr cent, may be taken as very good 
if continually rccordu 1 . • 


becomes available, and all t^c heift in 
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Unfortunately, to solve the problem of supplying sufficient air to provide thi 
oxygen requirt^^rfor combustion, the air must be able to mix intimately with thi 
burning coal, and this depends upon skilful stoking and correct design of grate foi 
the kind of fuel being burnt. I'hc air should be supplied by a large number of smal. 
openings in the grate instead of through a few large slots. This condition is difficidt 
to obtain in practice unless the air is forced through the grate by using some arrange¬ 
ment of steam jets, because the small openings rapidly become choked with clinker 
and ashes, and the result is one aoli(f air-tight surface. * 

When I'pound of pure hydrogents burnt under calorimeftic conditions, 62,060 
British thermal units are generated. ‘Thg* hydrogen in British coal v'aries from 
'll to 5^ per cent. \Sogie of the hydrogen in Ihirning combines with the oxygen 
present m tie fuel, whilst the remainder uuiies with the^fixygeij supplied with the 
air, all the hydrogen t)eing converfeif into water,,that^is steam. , 

In actual practice? to estirhiite correctly tlje heating value of a fuel, it if necessary 
to deduct the oxygcn^convertcd i*to*atcr«lue to the hydrogen present in the fuel. 
The hydrogen in the coal is all in*(*fi'hmical (yniposition with the carbon, and in very 
many various forms of hyiirocarbons. The proportions between the.se are too 
numerous and erratic t» finable them to be f^ken into account in a simple formula 
for heating value. Moreovea,. some of the hydrocarbons are unstable, and it is now 
fairly well e.stablished that during the pwwess of*d!stillation out of the coal by heat 
—which process (trift's them otl abovetthe as unburnt gases -and the sub¬ 
sequent proeeijf of tombu.sHon in the furnaco^bove "the grate, they change their 
forms once,,twica, or even s*)metin*es^lirice. Finally, when a certain temperature 
is rea,cl?ed,'the hydrogen sepajates defimtely^frora the carbon and unites with the 
oxygen of the air-supply and with that efintained in the (Val itself, to form steam. 

Oxygen is also present ia the fuel, aiid^his, wlfief! liberated,from the coal, assists 
the oxygen supplied with (he air, and therefore forms part'of the oxygen required 
for combustion. Part of the o»yg<ISi cmmiiinestwith the hydrogen in the coal to form 
steam, and as this is not available for purpjses of cifinbiastion, allowance must be 
made accordingly when calculating thedfeating valu* of the fuel. The percentage 
of o.xygen varies widely froni 4 to 10 per cent. 

The sulphur content also varies ve^y^consid%pably, but as the heat generated 
when 1 pound of sulphur ik Uirnt to ffrm*sulphur dioxide is A’ery low (only 1,060 heat 
units), the percentage of sulphur contribiftes little to the calorific value, but is of 
more .importance when considering the corrosive action of the flue gases. Tlie 
nitrogen fwesent is very small, and as the gas is iqprt need not bo eonsitlered. 

The mc(it important contribution o^ heat units when 1 pound of coal is burnt is 
jhat due to the combustion of th» c(ubon, and therefore the percentage carbon 
toittent^f a fuel is a good indication the luring value of that fuel. 

Fig. 6 shows the relation between the carbon contenlfof a fuhl and its approxi- 
nate heating value. It has been stated that when 1 pound of carbon is reduced 
;o carbon dioxide 14,.500 heat unit^arc liberafjfd, an^ that 1 pound of hydrogen, 
vhen burnt, produces 62,060 heat units. ^One pound of hydrogen therefore gives 
I2,060-+-14,500 times as much h£at as 1 pound of carbofl. A fuel containing 
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only carbon anil hydrogen to tlie extent of C and 11 per cent, by weight would 
therefore give 14,000 O+Oi.OOO II British thermal unit.s, dr, accord,wg to the above 
relationsliij), O-f f-‘I8 II, 

All coal contains oxygen, and this combines with the necessary hydrogen to form • 
steam according to the foimula 11,^0, The atomic weight of hydrogen is 1, and that 
of o.xygeii IG: therefore, l! atoms of hydrogen combine with l(i of oxygen bv weight, 
or, ill Oliver words, 8 jiarts of oxygen by weight combine with 1 part of hydrogen. 
In order to ascertain the (|iiantity of hydiogen which will combine with oxygen to 
form ,steani, it is oiilr nece.ss.iiy to diviile tliehuimber of oxvgeii units by 8, Thus, 



if II IS the tot.il hydrogen |)ieseiit, the net h\diogeii wliii li can lie Imint, when tinallv 
libeiated from the cipiipoiind.s in which it is pre.sent, to contiihiite heat units at the 

rate of li2,(Mi() for every pound w ill lie II The forniela for cah iilating I he calorific 

value of a fuel then becomes f I,.'i0(l (' | fli,()li(l ( II • 

The last item to be conMilctel is the ,siilphiir in the coal. When iT )ioiiiid of 
.sulphur IS liurnt under calorinietric conditions ■l.tMltl heat units aie generated, or, 
compared with caibon, 1 f.-hOO -l.Olil), wliini is erpial to :i-.')G- that is, 8'.hG_jM)imds 
of sulphur must be burnt to proiliici' the same heat as that generated by 1 pound of 
carbon. If tlic siilpluir sontent of a coal be divided by II ."iG, we shall obtain the 
weight of carbon which would generate the same heat. It is therefore, neeessary to 
S • ' . ' ' 

add or 0-28 S to the eipuition already obtained, to include the heat contributed 
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by the sulphur, expressed in terms of cjrbon—that is, 14,600 B.T.U. per poun 
The heating vaWfe of 1 pound of coal then becomes: 

14,500 C+(i2,06o(H-^)-|-0-28 Sx 14,600; 
dividing throughout by 14,500: 

• 14,50o|c+4-28(h-®) 4 0-28 s[ 

• I ^ I 

• • 

* . * * 

Since the apalysis of a fuel is alwaysgiv.eli in perfentages, the carbon, hydrogen 

oxygen, ^nd sulplu^ bejng expressed in so man^ parts in a hundred, the equation 
must be di\4ded by 100,-which give?: . , •• 

lWc+4-28 

^ • • 

and in this form ft will be rec^ognlzfil as Du^ong’s formula for finding the theoretical 
heating value of a coal from its chemical analysis* The actual value of the heat 
units generated when 1 "pound of each of tli^ four constituents is burnt varies slightly 
accordiug«to different authorities, but the figutes given have been chosen on purpose 
to show how.this important formula is oJitaincd* *\Vhen coal is burnt the carbon is 
converted into caAoli dioxiile an^ ('ertiibi otlj^ gases arc formed by the disintegra¬ 
tion of the liyArocatbous, t^e most common b^iig ethylene (CjHj), methane (CH 4 ), 
free h^drogi'jj, and to a leaser degre^^ several other products, of which the most 
important is sq^phiy dioxide.. These, ifith Jhe exception of the sulphur dioxide, 
which will combine with steam to concfimsc and form Sulphuric acid, may all be 
burnt to form carbon dioxhic and steamy ejjher dirti^ly or indiijectly. Eth 3 'lene and 
the higher hydrocarbons undergo an indirect’decomposition in the process. Ethylene 
easily decomposes at high temperaluros.^ind.Jlue to its own heat of combustion, is 
reduced to methane (CHi) atid carbon (C), actording tiTthc equation 

The ucwly-formftl carbon remains *111 suspensien in the furnace gases and 
j contributes to the luminosity of the flame, provided a sufficient supply of air is 
I present to assist in the combustion, i'ljp metlnjnc formed is further decomposed 
' into carbon dio.xide and ^atcr. , * 

Should the supply of air be insufliciciJV, or should the flame be subjected to a 
cooling effect, such aa»might be^jiroduced by coining into contact wdth compara¬ 
tively coqj surfaces so that the temperature drops below 1240° F., which is the 
•ignition poTnt of carbon, the carbon wall deposit as soot. This phenomenon may be 
distinctly seen even with a fairly brjgh^re,.and the formation of these sooty flames 
must bo»avoided. Such flames arc formed, to^a. considerable extent, when highly- 
bituminous coals are burnt under water-tube boilers, betause the laege amount of 
volatile matter released has not .sufficient time to be entirSy consumed—completely 
burnt to carbon dioxide—before coqjing in contact with the large and comparatively 
cool heating surface of the boiler. Largp combustion chambers are therefore of 
great importance in the case of wajer-tube boilers. 




•22 


SUPERVISION OF STEAM-RAISING PI.ANT - 

Fig. fi shows the coiiitiustioii cliamhei; of a water-tuhe lioiler arranged to ensure 
conifilete coinhiistion. *''' 

When the layer of eoal is very thick- that is, nlien the air, in trying to pass 
through the fuel bed, meets with great resistance a considerable amount of carjion 

monoMile is formed, which, as 
alreadv explained, will, if the 
tellipeiature has not fallen too 
low, bum to form carbon 
dioxide oiif mixing with an 
.ideipiate .{iiipplv of air. ff, 
liowev.u', 'there is p.’esent a 
greatei eiiaiititv ’of air than 
IS tlieoretie.illv neeessarx eoni- 
.jfletelv to eonsiime tlie fuel, 
a lapid drop in temperaliire 
lakes plaia' 

Fig. 7 shows the lel.ition- 
sliip between the eiiibon di¬ 
oxide aetiiallv obl.inied and 
the ratio of air .leliiallv sup¬ 
plied to lli.lt tlieoietleally I'e- 
(|U'red loi eoiiib'islion. This 
r.ilio incieases v'erv ■ lapidK 

Fill I. (OXIIMSIION (■in,i,u.. .a \ W er,; Tija H..„ , a "I"'" Hn'i am amt ol eaiboti 

dio.xide IS low 

If the e.xeess ol air is gie.it', I he iiitiog.ai intiodiieetl into the fiiinaee logelliei 
with the o.xxgeii will dilute the Hue gases to such an extent that the lesiilting 
temper.itiire will be \erv low -Ml 'l.inii-lenipeMlfnes \an bet ween the exi reiiie 
oa.se when all the eaihoii is eonxeitiii into caibon monoxide, at a lempei.itiiie 
of 27111) F , to the other extreme when all the earlion is rediieed to eaiboii ilioxide 
with a resultant temoeiatiire of IIKHI F. , 

In .actual jiraetiee the tempeii.tiires a-;!’ nowlnue iieai these ligutes because it is 
impossible to burn fuel under ideal conditions and bee’aii.se the l•onlpol 1 ent palls of 
the fuel are not all free, but in x.irymg iombinatioiis Kxperience shows that the 
lliaxnniini teinjieratnre xaries to a great extent on aiioiint oi the dllleient reaVtioiis 
taking place .simultaiieonsly, and.al.so beeauije some of the heat is absorbed bv the 
boiler as (juiekly as it is generated. 

Although the engineer-ihenust is little r .neerned with research ni the abstrsift, 
he must posse.ss a siillieieney of tlieyretieal knowledge to enable him .so td regulate 
the air-supply-that all the carbon shall be burnt to carbon dioxide, and at the same 
time to ax'oid any excess which will cool the volatile gases to such an extent as to 
cause them to jiass away as smoke 'astead of b 'iiig burnt. 

The construction of tlm fiirnaee, inchuling the design of the grate and the weight 
of firebrick and its di.sposition around the grate, i.s naturally u very mijiortaiit imitter. 




23 


VS^ORKING TliE POWER UNIT 

The design of the grate governs the method of supplying the air; the firebrick, when 
in a state of iH*4ndescence, acts as a valuable heat receiver, and materially assists 
to ignite the volatile productg. Some very ingenious designs have been thought 
’ out for the purpose of getting the best results in these respects, examples of which 
are furnished by the various types of coking arch applied to the mechanical stokers 
of water tube boilers and by the patent fire-bridges fitted to Lancashire boilers. 

The heating vahie of a fuel is rarely ascertained by examination of its chemical 
composition, but by burning a known weight in the laboratory in a spwial calori¬ 
meter. The fornyila for calculating'tlie theoretical heating value of coal has been 



I'lO. 7.— KELATIONsnrP HETWEHN ('On OHTAISKD AND THE RATtO BKTWEEX AlR SCl'Pl.TEI) AND AlB 
hECKSSAIIY ('OMBl'STID.N. ^ 

given, because it cleady .shows the tiTfluencc which the carbon content has on 
( the heating value, and indicates the Complex reactions which take place in a 
1 furnace. . 

' It isjiow necessary to consider the amount of air tho(/retically required to effect 
complete*combustion of the various*ingredients of a fuel, and here, again, the air. 
required by each constituent part«iiwjilc\dated as if that [)art existed by itself, and 
not partly in combination with the firlier elements present. 

The atomic weights of carbon and oxygen are 12 amklG respectively. Therefore, 
when carbon burns to form carbon dioxide, 12 parts of*carbon combine with 32 of 
oxygen by weight, accordiitg to t|ie formula COj, or, taking the pound as the unit, 
1 pound of carbon requires 32-1-12, or 2| pounds of* oxygen for eftmbustion. The 
atmosphere contains 23 per cept. oxygen and 77 per cqnt. nitrogen by weight; 
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therefore, in order to obtain 2§ pounds of oxygen it is necessary to use 11-5 pounds 

100x2®-\ * 

of air ( fiimilarly, when the Jiydrogen burns to form steam, every 2 atoms 

of hydrogen combine uiih 1 atom of oxygen as tlie wcll-knou n formula HjO indicatjBS. 
The atomic wciglil ot liydrogen is I, and that of oxygen is Ui. Therefore, 2 atoms 
of hydrogen combine with 1 (! of oxygen, or, eonverting this ratio into pounds, 1 {lound 

of liydrogrti re(|Uires « pounds of oxygen ;5l-,S pounds of air are reipiired to 


' supply 8 pounds of oxygen 


,H ,l(L')j 

J.i ' 


Thei.'fore, if coal contained po oxygen, the 


air re(|uired would be ll.-r) (' i-:il -8 11 pounds, but, as already expliviied, when 
finding the iormiila for the tlieorelic.il heating value of a coal, the owgen m 
the coal combines with some'of. the hydrogen, and this iimomit of oxygen must 
therelore be subtracted from the tot il rejimred. The formuht^then becomes- 


11-5 C 



The average aiiioiiiit of an theoretFallv re(|uired ,-ift«'r taking into eoiisideration 
a.sh and moisture is about 11 jioiiials, or. roip;hly, Id-.Tciibie feet, )ier pound ol coal. 
If every piece of coal weie in siispenM.in so that <lie air could pfiss' freelv around il, 
and there were no resistance at all, this low‘ligiirc might be olitiiiiieili I if luactice 
much more is re(|mred hiveii with \eiv (j^iii''files jind these are ,u,vdesjr,ible, 
becau.se it is difliciilt to avoid air-le.iks the nr has to,o\ereome^i cef,tain resistance 
in passing through the bed ol fuel. 'I’he th.cki-r the layer of fuel on the giate. the 
lolige,r the carbon dioxide, whicii as a hea\y gas needing to be cleared aw.iv by 
draught, will form a blaiiket round the fuel, and .so pievenl the free access of more 
air. Another interesting iioint made dear Jiv the foiyiiula is th.it. coiiip.iied with 
carbon, livdiogen rei| Hires, rouglily, tlina-jtmies as much arf for i oiiijilcfe combust ion. 

It follows that with fuel such,as good coke, whidi is piact cally pine carbon, the 
air-supplv ean be regulated with coiiipaiatne ease and (erl.linlv of a satislaitory 
result. Illack smoke,'which is niapily due tf> the abseiici- ol the relatnelv l.irge 
volume of air reipiired to burn the livdiocaiboiis|, becoiiios iliipo.ssible when biiiiiiiig 
coke, for the hitter contains no hidrogi-ii Kxperf supervision is as iieci'ss.irv with 
coke, as with other fuels, if niaximum he.iting value is to be tdnained ,it iiimimiim 
cost, but so far as air regulation is concerned coke doi's not iei(Uire the poii.stant 
chaiige.s that aie necessary in order'to biiiii tl!e \olatile prodiicti, freed iftriiig the 
combustion of coal. In siipplviiig the ox\g(;\>>..ve< essarv for this piiipose a larfje 
amount of nitrogen has to be intiodiiced iiitd the furnace and healed to the same 
temperature as tjie |B-oducts.of coinbii.stion, thus carrying away a huge (piantily of 
heat which can only be pariially ieco\ereil by auxiliary apjiliances. 

In [iractice, Iti to 22 jioiiiids of air for every jiound of coal burnt may be con¬ 
sidered etlicient working, but negligence in operation and bad design of apparatus 
are often re.sponsible for,the figurb rising as high as^25 to 30 pounds of air for every 
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pound of coal, according to draught available. From this it will be seen that 
the greatest sMf is required for the efficient burning of coal in its raw condition. 

— Immediately raw coal, or green fuel as it is sometimes called, is thrown on to the 
grate the volatile pro<lucts are liberated, and unless the right amount of air is pre.sent 
and the furnace supplies sufficient extra heat—by radiation from brickwork, for 
example—these valuable gases will not ignite, but pass away as smoke. In other 
words, fine particles of carbon arq held in suspension, and their whole yalue as 
heating units is lost. Smoke is uncopsumed carbon, and represents valuable fuel 
thrown away. A.slight haze at the top of a chimney is a very good sign, beeau.se , 
this is evidenoe thfjt the gas leaving tfie chimney wrich in carbon dioxide. If the ' 
air-supply is regulated‘so exactly that only the minimum quantity theoretically 
required fo/combustion is suppliejl, fhdte is a'great danger of a considerable quantity 
of carbon monoxide being formed, which will mot iurn to form carbon dioxide 


Excess a!r. 

Air requlr^ to D 
bum mbtne matter, 

Total air reoufred B 
for combustion. 

Air required to tum(T 
fixed carbon, ’ 



Air amiable for combusimn 
—nhich cannot be consumed 
in practice, 


A Total air passini throu^ 
^ate into furrace, 

\F_Air which could be , 
consumed in practice. 


Firing, ' »' ’ Firid^, 

|-«- Interval between firin^,-^^ 
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because air will not be present in sufficient quantity to complete the process of 
combustion. Tarboli monoxide causes no haze when leaving the chimn<“y. 

In the ordinary proce.ss of firing a Ijoilcr by hand, when tjjc carbon lias become 
ignited and the volatile products have^been distilled, the large, amount of air ' 
necessary at the commencement i.s,no^onger required, because the carbon that 
is left needs a relatively smaller amount oT air in order to burn to carbon dioxide. 

Fig. 8 is a graphical chart sli,owing approximately the quantity of air required 
to consume a charge of fuel. The wiilth of the djagrara represents the time which 
elapses between any two consecutive firings. Oti any base line two perpendiculars 
ar| erected, the distance between th6f!?Ypresenting the period of time between firing, 
^aw a Hnc cc, and assume the space underneatli it to represent the total amount of 
"ip, C, which the fi.xcd carbon in the fuel requires for colnplete combustion. Such 
^ne, and all others which represent a quantity of air passing through the grate and 
^tering the furnace, will have a slight rise, bewusc qhen the bed qf fuel becomes 
aner through the reduction of the coal in burning, the resistance the iurushing 
' has to overcome will decrease,«and air will pass through’the bars in increasing 
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q\iantitl('s. Draw a second line ff and assjmie the space between this and the line 
(■(• to reiacsent the ainoimt of air theoretically rcipiired to consfl^ft> the volatile 
matter. Then tin* whole area under the line ff. down to the base line, rejiresents 
the amount of air that should, theoretically, pass lliroiifih the f;rate. 

When a eliarj'e of ereen fuel is newly placed in the liirnaee, the volume of fjiises 
distilled is very jjreat, and if only the amount of air theoretically needed for eom- 
bn.stion IS ^iitiodueed—that is, such a i|nantify as inijrht be represented by the Imejf/’ 

■ this will he insnflieient dniiiig the lir.st pint .of the interval between firijifis. and in 
excess diiriii^ the latfer pint The distiilint'on ol air as reipiired in practice is 
jirohahly more aeenrateh inilicated hv the bhe liXh, and tin' area abi«\e the liiie/.Y 
repiesents an iiisnilii lent siipplv ol air, which is the cause irf lilaelr smoke.# If this 
smoke could be kept and I'eti.ined to the fiiriiiye wheu the liiiit " rush*' has taken 
]ikice, the tfir rejireseiited b\ t^e ar,'‘a under the line ,\^ could be hilly utilized. ,\s 
tills Is iiiipi^ssible. snlliiieiit air must be admitted Iroiii tlie \erv first, and since it is 
not .sale to siipplt the ininiiniiin Iheoretfeally I'eiufiied. a very •small exie.ss must be 
allowed The air which shoiild he siipplfd to a finnacK can therefore be represented 
bv the line ml The line hXh x'.iiies tij shape for dilVeieiit liiels and, as shown, is 
apiiro.ximatelv coriect for a bitnmiiioiis <oal With coke the line would first ri.se 
.slifjlitlv above the line (f. but not nearlv as iiiiich, anfl it would .sooner follow the 
line //. The line // would be iiuk'Ii nearer tXi tin' Igie cc, bec.uise tlu' an reipiiied to 
burn the volatile matter is \eiv minji-less.^Jmil the e.xcess air would be verv small, 
•so that the total air .1 enteiiii!; th» fiiinace winild ap<iro\iin.ite ^’,'which laii all 
be utilized in iiraitice ^« ' . »■ , 

The air supplied to a furnace should,be cdnstantiv iicj;nhited, and i^weral iiif'emons 
types of apparatus have bTam invented which .inlomatic.dlv reeidatc the secoiidaiv 
air-snpplv. The .seceiidaiv air siippIv i-ythat whii-h is*admitteil over the lire at 
the front or at the back'in order to Inriilsh tIn;o.yeeii necess,irv for the combustion 
of the volatile eases l)n account olTps .•«omew hat'intricate (onstiuction and the 
distasfi' of llritish firemen for anvtlnifi " linickv, ' sin’ll .intom.itic ap|Mialns has 
not tonnd favour in Ori'at Ifrrtain. The final pioblengis to ifiscovei how small a 
(piantitv of e.xce.ss air^which in piacfice has be admitted) will etisiiie the com|ilete 
comhiistion of the fuel, .so that thetlne easi^s may contain a liieli pens’iitaffe ol carbon 
dio.xide. It IS the carbon constituent ol .1 fuel wtliich. wliethei present as lived carbon 
or III loinbination with hvdioeeii, nlmir biiiiis to form carbon dioxide and therefore 
the liieher the ]iercentai'e of caibon the hii'hcr 1^:111 be tin' [lereentaee ol c.^I■bon 
dio.xide in the fine eases The h.';diest peiceptafre possible is 21 per cent . becan.se 
the air contains 21 per cent o.xyften bv vidunie, and the ])ercentaee ol eaiboii dio.xide 
IS always measured bv volume. , 

If anv of the carbon is displaced bv livdroeen, o.xygen, sniphiir, or other con¬ 
stituent. as is tlie ca.se with oidiiiary fuels, the ma.xiniiim carbon dio.xide whieh can 
be obtained will naturally be le.ss than that which I pound of pure carbon would 
jirodiice. Not. even with tli/‘ aid ef their plikieistic tlieorv coiihl the alchemists 
convert a cal.x into the oriifinal. substance by treating it with .some material rich in 
plihijjiston. Only larrion and o-xytten can combine to form carbon dioxide, and the 

^ * . m 
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less carbon there is present in a given wMght of any fuel, the less carbon dioxide can 
be obtained. 'Tit will therefore be realized that the maximum percentage of carbon 
dioxide which can be present when a fuel is burnt can be calculated from its chemical 
composition. It is very disconcerting to hear from some mechanic, who is very 
proud of his plant, that he maintains a constant high percentage of carbon dioxide, 
mentioning .some figure which actually means that at times he must be recording 
more than the maximum thcoreticijlly jiossihle. 

The following formula, which may easily be worked out in a similar manner to 
that emjiloyed when iinding the amount of air theoretically nebessaryfor combustion, 
will give the Inaxijnum carbon dioxide which can be, obtained: 


8-8H 


• , « -- 

(max.) ---= 

. 04 /)+ 


• 4f'- 


8 


tl + 047 


S’ 



* 

T.MILK.IL - 



THE J’ercentaor of Cariion Dioxide 
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• Furl. 

• 

» 

Value. 

% 

Hijilicst Value. 

Coke ... 

• 

• • • 

2(H) 

20-8 

Wood .. 

♦ « 

20-2 V 

2()-7 

Brown coal .. 

. 

' 17-9 

20-1 

Peat .. 


19-1 

204 

Bituminous coal 

• • 

; 17-8 

20'1 

Anthracite, 

• 

: IS'S 

20-1 

• 

• 

• 

• 

— 


Table 11. gives the maximum percentages of carbon dioxiije that can be obtained 
with each of a number of fuels. VVhenJ^he ina.simum carbon dioxide which can be 
obtained has been worked out, 11k quantity of air supplied in excess of what is 

theoretically ncce.ssary for combustion will be equal to R in the equation - 

• • 

Aiaxiniiitn (X)., obtainable 

t _I_ ^ __ “ , , 

• (lOj actually obtained 

Since the carbon in any particuliJr^‘1 is combined with other elements in fixed 
proiMirtions, the ratio is dependent on the excess air, reckoned in terms of its oxygen 
content. " ’ ■> 

The engineer-chemLst of a firm which is a large consumer of coal and receives its 
supplies from a single source shouM have a sample of the coal very,carefully taken, 
and have this sample analyzed to ascertain its^ chemical composition. Such a 
hemical ana]y.sis of coal is a lengthy process, involving i?ery accurate work and. 
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exfe])t in tlie rare cases where a skilled st,afE of chemists is attached to the works 
laboratory, the sample should he sent to a firm of analytical chemiSlW 

It is of very great value to know the composition of a coal, for the following 
re.asons: 

1. Th<‘ correct healing v.ilue can be worked out, and if tli ■ daily results of teal’s 
with samples of coal m the ciilorinieter in the firm’s laboratorv vary very much from 
the figure arrived at liv analysis, it will be eli'ar that either the testing methods 
are at fault, or -and this is more generally the case • the samples are not correctly 
taken. , ' , ^ * . 

:i. The amount of air theorolieallv iiuee.sSarv lor coiniilete eonilmstion may be 
calculated, and the engineer-elieniis't can work the boilers i« sikHi a wav that the 

Uvee.ss ay: .supplied may be a 
minimum. 

The engineer - chemist 
and tins is most imporlaiit 
, can work oht the ma.ximiiin 
carbon dio.xide obtainable 
wilh the Inel. .iiid therefore 
ktiow evactiv how*matters 
stand by comparing this 
figure willi The actual carbon 
dni.xide as slitiwn on the 
recorder. , • • 

r. h’lg il sliow^cthe e.vtent to 
which ihe owgim in the air 
Mi|lplied for combustion is 
converted into carbon di- 
Vixide TIicin.iMiiiiini.inionnt 
ol'caiboii dioxide Iheoreti- 
c.dK obla'in.ible is ■Jll'ilfi per 
ceiil , bec.insc Ihe alniosphere 
conlaiiis tinil .imoiint of 
o.xvgen bv vullime. I'hir giapliical re|)resenlalion llns viriiie has been t.iken as 
21 per cent., and llii' veiXical line repre.seiifs Ihe [lercimlage ol caibon dioxide in the 
flue gases. The hori/.ontal line is gradiialed to shpw Ihe composition of tlie'flne 
gases in ])erccntages ol carbon dioxjde and ox\ ecu. Thc“ abseisse of anv pijiceiilage 
therefore mei-l ,it a point on Ihe, diagonal. .V senes of lines, each representing a 
•special fuel, imp\ be drawn from Ihe right-liaujj^.rner to cut the iliagoiial al a point 
corres|ionding to the calcillaled ma.xnyinii of earbon dio.xide llieorelieallv obtainable. 

If all the o.xvgen siipjilled is converted into carbon dioxide, a horizontal line 
drawn through a jionit, the height of winch is determined by the vertical scale, will 
]iass through the jionit on the ^liagonid which (leuotc.s tfie maximnm carbon dioxide 
obtainable.' A horizontal line drawn at any other ]iercentagc will cut the diagontil. 
The distance between till verticaf axis and the diagvnal represents the carbon dioxide 
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present, and th.e distance from the diagonal to the line representing the fuel under 
consideration'indicates the unconsumed oxygen. 

A chemical analysis need only be made when the regular source of supply is 
• changed, or there is some reason to believe that a different quality of fuel is being 
8ni)plied. To sign a contract for a year’s supply of fuel, without any thought to the 
conditions that must be fulfilled to ensure its efficient combustion, is, however, to be 
guilty of inexcusable rashness. ^ 

In order to obviate the wa.stage’of a large percentage of the heat content of coal 
through unskilled firing, various attefnpts have been made to supply fuel from which 
the. volatile products have already becn^flxtractcil. Examples of such modified 
fuel are^coke and h la^e number of patent fuels, the most important of which is 
“ coalite.” < Industrial coke is, otcourse, coal which has *mdergone a suitable modi¬ 
fication process at a gasworks, So that practically only pure carbon and incom¬ 
bustible matter aredeft. Enel of this char^acter cannot m,akc smoke, because the 
ingredients for making smoke' art not pre.'jcnt, Mnd a loo.sc fire n»y bo^kept which 
will allow the air to pass freely* ffnind tlnj^ incande.sceut particles, and thus ensure 
perfect corabu.stiou. The air-su})ply can be fcguliUed with greater accuracy, and a 
higher percentage of caAon dioxide be tliifs* obtained without running any risk of 
inefficient combustion. * > 

“ (ioalite.” is the name thitt has bee® given to a patent fuel which is supplied for 
burning under thft lAilcrs of coiflmerciai povveer houses. It is prepared by a special 
low temperatairc Airbonization process. Th^- coal is not subjected to the high 
temperatujc^Hsually eniplo^'ed in gasworks retorts when gas companies treat coal 
for the p\irpose of making illuminating gas, but is treated at a much lower tempera¬ 
ture, so that the resulting fuel has a hi^R calorific value*compared with its weight, 
and yet retains sufficient .volatile matter to enable it to be^ burnt with moderate 
draught. 

The economy effected by,jthe*usc of modified fuel is <lue to the separation of 
valuable oils, tar, and ammonia, each of wifich can l!h put to much more, profitable 
use than consumption as fuel. There is^dso the advantage of smokeless combustion. 
Although the inefficiency will not manifest it.sclf in the form of smoke, modified fuel 
may be burned just as wastefully as ra^ coal if unskilled firemen are in charge of the 
boilers, because, apart ftom the producfion of smoke, an exce.ss of aif above that 
actually required affects these fuels in e.^actly the same way as any other. The 
air-sppply can, however, be regulated very miK'h more easily, because the constant 
variation in the amount of inllainmable gas which is giveii off when raw' coal is used 
does not cfccur to any serious extent with patent ^uels. 

The remaining solid fuels of in^jKirt^nco are the new formations of coal such as 
lignite, brown coal, and peat. These are not used very much in Great Britain, 
where there are but very small deposits of each, but on the Continentpf Europe and 
in Australia brown coal and lignite are of great unportahee. Brown coal contains 
a very large percentage of mmsture which may be as high as 02 per cent., but averages 
about 50 per cent. In a raw state brown, coal is only used near' the coalfields. 
It is generally dried and compressed* by special machinery 4nto briquette, and in 
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tliis form makes a very good fuel wliieh can be burnt in a similar manner to coal. 
The object of converting the raw brown coal into briquettes is scape jiaying 
freight on a large (|uantiiy of water which actually repre.sents a loss m beating value. 
With average brown coal half Ihe weight ol the fuel tran.sported would be water. 

Lignite IS \erv similar to brown coal, but does not contain so high a p«r- 
lentage of water. Altliongb more ellicient if first dinsl, it may. wliellier wet 
or dry. be^ burnt under oidinarv conditions on special giates. 

The remaining fuels are 
of a nil.scellaiieo'iis charac¬ 
ter, and are repre.sented 
by saw-n.ill refuse, lumber 
camp refuse (hugely used m 
' ItiissiaJ, rice husks wet and 
• I'ly sugar-cane, spent tan 
and t'lwn reliisc Most of 
these, wifli.the e,\ccpllon of 
town relnsc but including 
brown coal and lignite, are 
(generally burnt pii some 
design id steppcil gi.ite 

h’lgtltt shows a stejiped 
gr.ite bmlt ^i fmnt id a 
Jlabcoi k and \\ ili o\ walei- 
tilbe boilci aii.ingcd for 
binning lignite The tiiel is 
ilcpositcd on a r.iised phit- 
toriii and, according to its 
nature, led tliioiigli a huge 
I'peiiing oi small hopper, on 
to the gialc The thickness 
id till- lire is legiihUcd by 
.1 special door, which may 
be nio\ed in a \eitical 
dliection The dcsiL'li (d 
the grate emildcs J.iige 

volumes of comparatively bulky fuel to be lapidlv consumed The upper portion 
of the grate is so con.structed as to'allow a laiirer amount of air to pass through the 
green fuel and assist in binning the voJi;,l*h‘ gases The .slope of the giate 
gradually becomes less steep, so that alfhiiiigh the yolume id the burning lilel 
diminishes as jt .shjis down towards the bai-k by gravity, the bins will alway,s 
remain covered because the angle ol repose is reduced. 

Jteference should be made to colloidal fuel, altlioa'll it is us yet rarely used, 
(’olldulal fuel Is IkjukI fiipl in wliiuli vcrvMiiull particles of solid fuel are hcM in 
suspension. Som<‘ very siu r'c-sSfiil experinn‘nts have been carried out on board 
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destroyers of H.M. Navy, in which oil and finely powdered coal were burnt together. 
Further, recenjijjdpvclopments have taken"’place in Sweden, where large quantities of 
fine sawdust have been burnt together with a small amount of oil fuel in a combined 
, arrangement of solid fuel injection and pulverized wood. 

!• (6) Liquid Fuel .—Very great progress has been made in recent years in adapting 
certain oils for steam-raising purposes. The adoption of liquid fuel, instead of solid 
fuel, has great advantages, but careful consideration must be given to the require¬ 
ments of every case, and each must be judged on its merits. It is just as*naccurate 
to condemn’oil fuel. When speaking of*Great Britain, as it is to.say that it is the best, 
and should be adopted universally. Qil fuel haS great qualities, among which are 
cleanliness and cas(?of handling and storage. IiW'reased heating surface is rendered 
possible by Jhe absence of furnace fittjngs, and high eificicncy is easy to maintain 
because the flow of ofl is steady and Because liquid fuel does not pass through stages 
of combustion re<)ui*ing vwiation of air-suj)pl/. • fts main disadvantage is high 
price regulated by a few eom’paqies. In § country like Great Britain,* which has 
been endowed hj; Nature with lai^ coalfields, a very strong argument can still be 
made for the continued use of coal. With oil fuel at present prices, if is folly to talk 
about its universal adoption as a fuel wheificoal, despite its increased cost, is still 
cheaper ajid -even more important- -is alfeady in the country. 

There are_certain c.ascs, however, in wjiich oil fuel can hold its own and has [ffoved 
in practice to be luofi; economical, as, fqr instajice, in factories on the banks of large 
rivers antV neiy an «il wharf, ami in works, hotels, and other undertakings situated 
*n the Centro of large townsjivhere the ctoss ro.st of coal - that is, the cost of the coal 
from tTie time it is hewn till the boihu^ouse clinker has been disposed of— includes 
heavy charges*for "carting tl?e clinker •throfigh the stwets for delivery to some 
contractor or dumping intj barges for conveyance to sea. 

Ashore oil fuel is preferable only in tpecial circumstanecs, but afloat the con¬ 
ditions are almost reversed. ^jail;e*deposit!«of coal, where ships may re-bunker, 
have been established all ®ver the world, i^id a larj^ humber of these depots are 
.supplied with coal from Great Britain.* Tt therefo^ happens that, a ship, having 
rebunkcred at a foreign dejflA on the homeward journey, actually arrives at a home 
port with a quantity of coals which orijjinally left that same j)ort. With liejuid fuel 
the conditions arc reversed. A ship wiirtake on board a supply of oil at a foreign 
refinery, and this su])ply, due to the hightir calorific value of the fuel in comparison 
with.an equal volume of coal, will probably last until the ship can replenish the 
supply froju another foreign source. The greatest asset this fuel possesses is that, 
being a liquid, it can be stored in th? double bitt'torn of a ship and not reduce the 
cargo-carrying capacity. 

* Fig. 11 is a section through a ship, from which it will be seen that the side-plating 
of a ship is single and is carried down undw vratcr to form the outer_shell. Inside 
the ship, and riveted to the shell, is the upper plate of" the double bottom, tech¬ 
nically known as the tank top. The whole space between tank top and shell is 
divided longitudinally, that is, fore and aft, luto w'iter-tight tanks, and may be 
used for fresh water, for sea-water to serve as ballast and trim the ship, or, if desired. 
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for oil fuol. During the war a large number of toal-buriiing ships laden with 
merebandise brought lionie oil in the double bottom, and theryiljV/iiuerenBcd the 
tonnage available for transporting oil in bulk. 

In the ease of large Western oeean liners oil fuel bus another advantage. The , 

stay in [lort is regiilated«by 
the time tbe.se large vessels, 
burning thousands of tons 
ol eoal, reipiiie to fill their 
bunkers. The time lost 
111 |)or^ IS therelore an 
impork.iuit eoiisiderat ion in 
\ lew ol the t^et Thai the 
wliolT tup onlv oeeiijiies 
• five d.ivs. The nepe.ssary 
c|uantilv of fuel ean be 
pumped, on bo.inl in a 
\erv shoit tune,and the re- 
iMiti joiiiiiev eoiiinieiieed. 

‘ , Moieiner, an (ul-huiiiiiig 

liner rei|uires many lewer firemen and tri|nniers than aie needed on eoal-hnrning 
boats. o , • ' • • 

Kig. 12 IS a Mew 111 one of the stokeholds ol the T S S. /Vris. .'Jiowing boilers 
fitted with the Wallseiid Ilowden li(|md liiel-biirning .s\Jteni. 

The vital problem, from the jioint of \6‘W of eeoiiomv. ol siipplving the'eoireet 
ijiiaiitlf V of air. ean he soha'd mneh nion* etifily under a s\ stem w fm h*gi\ es a i oust a lit 
flow of oil to the burner at a gtesm piessuie than is jioy-ilile when the i|Uantilv of 
air rei|uired for efiieient eombiistion is i ofitinuallv ehanging, as in Ihe i ase ol coal- 
fired plants. Kor this reason boileis kiiimng fiiiitid ^ul ni.iv be woiked at a higher 
eflieieiK y, because both the oil%nd air. ijlieii once legulatfd lor a deli ml e eeapoiation. 
need no fuitlier attention, whilst m Ihe eas» ol (oal hung the loinian element is the 
deciding factor all the time. * 

Se\er,il s\stems of burning Iniiiid fuel ha\e been peileeled These sv.steins may 

be diMded into three classes' * ' 

« 

< 

Steam in)eetion biirneis 

.\ir iiijeetion burners., ' 

.\le( lipim al burn^'rs. 

The system generally found on board ships^t^he mercantile marine -the equiva- • 
lent of the factory boiler hou.se ou shore- where profit is the first (onsideration* is 
the Wallsend Jlowrlen Patent Low Pressuie System, which belongs to the third 
class, as gi\en above. THis system works as follows. 

The oil siipjily on board ship is .stored m tin' doiibln' bottom a.s descnbod above, 
and beeau. e it‘is .sometimes hu.\ed'with a small i|uantilv of water the oil is finst 
pumped into storage tasks in the stokehold and allowed to settle. The storage, tanks 
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are installed in duplicate so that the oil may settle in one, whilst the burners art 
supplied from tb| ether. To facilitate sejlaration, a heating coil is built into the 
tanlra so that the oil may be heated to 170° F. Oil at this temperature will only 
take two or three hours to settle, and may then be drawn off with perfect safety. 



to. 12.- Ktokehoi,I) op T.S.S. “ Pahis." .siion«|i)),lion.KH.<i pitted with \V.ii.i.send IIoutie.n I.iocid 
• I'l El, Bl'RXtVU ISV.STEM. 


It then enters a special duplc.^ suction strainer in order to remove any grit or other 
impurity (hat may be present* Thence it pa.sses to the combined pumping and 
heating unit shown in fig. 13. * • • 

The oil enters the “ Weir ” simplex oil fuel pump tlixough Ijie inlet valve shown 

3 
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on the left-hand side attnclied to the pump, and leaves under pressure by the small 
pipe immediately above the inlet valve. ' It enters the^heater bv^l^^e valve shown. 

This heater consists of a large 
number of pi}>cs bent in the 
shape of a D, both endS' of 
jPP.. which are expanded into the 
•same tube plate. This lea\es 
tile opjio.-ite ends flee to e.x- 
paiid. and eliminates the possi- 
bililv ol le.ihV tubes. The tub<‘ 
plate, which can be seen clearly 
III the' illustration, i.s in the 
Cl litre of'ihe double joint. 

.(The .sfeam lor heaf,ino the 
ml entevs thriaigh the middle 
one ol Ihe three \al\es on the 
right-halid side ol the heater 
ne.ir (‘lie pressnie gauges The 
lel.t-haiid vahe is eoiineeted to 
Ihe he.iler ilischaige \',il\e, and 
• supplies '‘eun tor blowing out 
the inside ,ol ll),e heater tubes 
and reinoMiig aiiv oil deposit. 
The light h.ind fal\e 'sup|)Iies 
sleaiil to tile fiiltiip. The eon- 
, deiised steam h'ates tin’ heater 

l*'|l. 1.1- ('((MIUMU I’l MI’IM. ISO 111 MINI. 1*1 WN I loFI • (I I I 

W \i I SI Ml tIottol.N layi 10 I'l 11 til i:mm. .Si SI i.w bv I lie small \al\e shown a 1 - 

.1 • B laehed to the water eollei'tor. 

The (111 leaves the lie.ili.f bv th'e,\al\e shown on Jhe lo|i of the heater on the 
left-hand side, and enters the duplex diselirii'ge strainer, fioni which it Hows into the 


iJL' 
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pipe whwli joins the flange shown on the left-hand side of tlie strainer, and goes 
straight to the burners. 
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ject through a hafflo plate or the front plate of the casing into an air trunk which 
receives its air-su])])ly from a circular louvre attachei} to the frwxf plate. This 
air trunk jirojeets coiuentricallv witli a secoiiil air trunk earned bv the furnace 
front, and the annular space between tlie inner and outer air Iniiiks is fitted with 
deflectors eonstriieted in such a nianncr as (o iiivc the air passing through'the 
annulus a spiral motion. In cases wlieie eoiiilitions warianted the adoption of oil 
fuel this svstem has ahso given c.xeellent results on shore. 

The first svstem in the list is the sfeatn-in|eetioii svstciii. so tiaiiied beeaiisc the 
atomizing of the oil is^dfeeted b\ nieiins id ,i shi-aiii |et This svstem is not so suitable 
for niaruie work liee.itise the sle.iili iisi^l in kpi.iviiig the oil is all lost _aiid the boilers 
must const.iiitiv be replemshed with w.Uei. which means a lai’if amount ol " make 
up " feed watei .\s ihs .imoiint ol liesh w iter.i ship eaiiies in her tatdis is limited, 
espeeiallv in the ease ot .in oil biniiiiig vessel lii w'.iieh the oil liiel o< i upies sp.iee that 
would otrieiwise be av.iilabliNor'w.iter an extra supplv ol ‘he laller eatiomlv be 
obtained bv ev.ijioialing se.i-w.lien* Tjiis. ol i oiii'se, is.ieos'lv procedure involving 
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ex'jieiiditiiie of fuel in older to obtain Irfsh w.itei On shove the vv.itei ipiestioti 
.siaieelv aiises. ,ind the sio.im-iiip'i tion s\^|i.|ii h.is tlieieloie been iiillodined lor 
ordiii.ii'v working and as an etuergeuev oi auxili.ii'V method ol laisiiig ste.iiii. It 
mav also be used in (oniieetioii with eodi liritig. .is .shown in lig Hi. to assist the 
l.iltei during veiv lieiivv loads 

1'he great adv.intage this s\.,teni ]ios..esses when iiist.illed as an aiixiliaiv or 
eiiiergencv method of laising.steam, is th.it the initial cost of the appaia'iis is low, 
no expensive piimpiiig units beiiiE reipined.' ‘ 

Kig 17 shows the Wallseiid llovvden p.itejit ste.iiil jet .svstem ol oil biniuiig a.s 
applied to a baneasliire boiler 

The chief jiomts reipiiring attention in eonnection with burning oil tiiiiler boilens 
for sfeam-raisiiig pitrpo.sts are as follows’ 

]. The oil imi.st be free from all water and solid ■.inpiinties. 

'I. Before lighting a bu'riier. jiass air through the ftiinaee to expel aiiv giis 
remaining from previyus tiring. 
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3. Drip trws miLst be fitted whereveiwleaks are liable to occur, and a supply of 
sawdust shoul5*arways be handy for sprinkling on any oil that may be spilt. 

4. When lighting a burner always insert the torch before opening the oil 
va^ve. To open the oil valve first is to introduce e.xplosive vapour into the 
furnace. 

5. The oil must always be at a sufficiently high temperature at the burner to 

en.sure rapid ignition. , 

When all the boilers are cold, and no steam is available either for driving the 
oil pump for the pressure .system or vapourising the oil in Ihe steam-jet system, 



sup))lied with pa ratlin under pn-ssni#, the boiler feed pump and the air pressure for 
the burner being worked by hand. This is, ot course, only ne(;essary until steam 
has been raised in one of the boilers. * 

(c) (I'an.- The, term “ waste heat boilers ” is employe(f in a very loose sense, and 
is often asetl to include not ofily boiicrs heated Jjy ga.sqj! of a high temperature, which 
are waste because combustioti has takcui placi*, but also boilers actually fired by 
so-called “ waste gases,” such as garbon monoxide, whicli is tapable of further com- 
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bustion to carbon dioxide. To the latter class belong all boilers fired with the waste 
gases from blast furnaces, and since the complete comlnistion of'tfie gases has not 
yet taken place, these must not be confused with the real waste heat boiler. Waste 
heat boilers which are installed in order to utilise the surplus heat from lihust furnafcs, 
and which an' fired with waste gas. should Ix' elassified with gas-fired boih'rs This 
gas may first be cleaned bv installing a suitable gas-clcainng plant. That method 
is generally adopted, in whuli ease the boilers are fitted with Ibinsen tvjie burners. 
In some eases, however, the uiielean gas is used, and fig. 18 shows a battery of 
Babcock and Wileox'boilers arranged to burn waste gases from bla.st furnaces aiul 
provided with ordinary grates for auxiliarv coal liring in ease the,supply of gas should 
be diinini.shed or fail altogether. ' ^ 

.’Vnother source of waste heat from which steam piay be ‘'conoiiiK'lilly raised is 
))rovided by coke ovens. A\'h"ii coke is made for use in connection with steel-making, 
the raw coal is treated bv a iunte dilT'rent method from that'adojited nheii coal is 
heated in retort.s in the manufacture of towns' ,,'as. Boilers'can be installed in the 
former ease, for using a combination o' wa.ste hejit and surplus live gas. the latter 
being biinir with Bunsen type burnei's. 

In an up-to-date bv-proiluct coke own iilant, Iroin everv ton of coal carbonized 
80 per cent of the gas will be delivered to the bmlei in the foiin of w.isle heat, 
and the remaining 20 per cent in the foi.n oi live g.is liaiing a caloiilie value of 
about 17.0 British therm.il units per cubic foot. W ,iter-tiib ” boilers, winking in 
combination with loke ovens producing tor steel winks, have given'an evaporation 
under normal working emidit ions of l-^,') tmisol steam fin everv Ion ol ci;.iliiearl,"niizeil. 

(i/) 11 nv/c //lid I til .ll•l•Inlnl ol the high price I’f liiel gie.d al'entiini has been 
paid to the utilization of waste beat, and gieat seope tor the application ol boilers 
heated bv waste liejt will be found ingi.in and steel winks, in connection with 
reheating, [indilling. and legeiierative liiinaces The essential lealiire ol a boiler 
which IS to i.iise ste.ini bv iilili/iii” the heal in vvastc'gases is a huge beating siiilace 
compared with the volume of vi.itei vvbiili it cinilaiiis In other words a veiv l.irge 
volnnie ol gas has to be dealt'ailb in oidei to obtain the leipilied heat and water- 
tube boilers aie theieloie espeei.illv siiitabli lor the purpose 

In .some est.iblishmeiits the binleis ale nl.iied over the liiinaces, whilst in others 
they are placed at the side or .it the back. W.iter-liibe tioilers ale genei,illv used 
when the .steam-r.iismg plant is placed over the liiinaces, and espeeiallv m the case 
of huge reheating and double piidillmg liiiii.ices, beiaiise a biniei must be ailb|iled 
which has a veiv large be.ilmg siirl.ice ciniip.ired with the oriim.iiv Laiicasiiire Ivpe. 
Sjiaec. howevei. very olleii does not permit id sin h an ariaiigement. and a smaller 
lyin' of boiler must be eniploved .\|so. the voluine ol gas available niav mil be 
.siilhi lent lor even a small ualer-tv’.be boiler In siiih ea.ses vertic.il boilers have 
been u.sed with verv great success, h’lg li) shows a Cochran boiler heated with 

C 

waste gas. Here. also, the lire-grate is retained so that the .steam-pressure can be 
maintained when the heat eoptribuP'd bv the vv.iste gasvs is not siiflieient. 

Waste gase.s leave puddling and reheating fuinace.s at a comparatively high 
temperature, and, as if is the jiraetice to use blo,'ver.s, the draught required at the 




Kio. 18. —Babcock aku Wilcox Boilkbs cxiuzixa Blast Fcbxack Uas abu akbanobu fob Auxil^y Coal Fibino. 
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furnace mouth is very slifflitly affected Ity the interposition of a boiler. In the ca.se 
of repcncrative furnaces tlie pascs lea\e a1 a temperatare of alahil IKiO^ F.. and as 
a hijjli tlraueht is reniiired at the tiirnai-e mouth special (irovision must he made to 
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eiisuic lh.it the di. mailt ,il the millci i;. mil imp.iiicl When iii..l.illiim .1 IhiiIci’ 
Ulldei Sllcli (olldlllNH' ll Is Ii'il.il to iiiilililc .ill ilidincil di.iiiahl i.iii I0 .Iss|s| the 
jiassaac ol the u.isis ilnoiiah llic hoilci .iml h-.nc llic ici|iiiicil sl.ilic aniioii on 
tin* o.)s inlet side ol the hoilei 
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CHAPTKR IIT 

« 

MKTHOB OF FIUIXG 


(a) Raking iSteam .—Tlie motliod of raising steanr deponds entirely on tlie ty])c 
of boiler^ • 

We will consider first the«ordjiiarff Tjaneasliire boiler. ^ The great popnlarity of 
this boiler as a steani^ producer is due to its abilU.V t* withstand very rojigli treat¬ 
ment. When a Lancashire boiler has been eteaned an<l made ready for pse it may 
be filled either by a hose pipe in.s(g-yal in thi^top manhole or through the feed check 
valve by a separate pump, the latter method being ijiipracticable unless there are 
tw(j indeptuident feed ranges. 

Boilers are generally filled In' liose pip(« The feed-pipe system in most eases is 
not in duplicate, and if the check valve on the boiler to be tilled were ojiened under 
working comlitions tl^e pump would hiimediately hammer very badly iu th(“ absence 
of any back prcssur^ * 

If thf boiler is to be lillml by pumi)ing the’water through the feed check valve 
it nuis^ !)(■ fiflne when the other boilers^tfe tidl of water and the tires are banked— 
in other words.'um^er conditi»)ns which,prevail oidy when the uiachiiicry is not 
working. . * 

In any <-a.se, wiien the txiiler has bei«i filled to the correct working level, the 
manhole shoidd b(‘ replaced and tl^e boiler chjjsed up ready for operation. .\ .small, 
fire may be lighted and the siiTe Hue dampeiis*slightlj ea.scil. The long<‘r the time 
allowed for raising stiaim, the better for khe iKiilcr. because it takes .some time before 
the large ina.ss of eohl water becomes heated, and thefi'fore it is some time before the 
whole shell of the boiler is at the san’e temperature. Steam may be raised in a 
comj'ar.ilively short timp, but the vari<*us joints will sutler in jiroportion to the 
rajiidity with which the temperature is increased, ruder normal W’orking conditions 
eight hours is the minimum that should be allowed for the, boiler to become uniformly 
heated. 

It is ai^visable occasionally to shut, the water connection on the gauge glass and 
to open the drain, so that any pressure in the boiler due to the liberated air may be 
relieved. Thu cold water is often slug>/ish in coming to the right level in the glass. 

Steam may be raised in water tube boilers. ITy virtue of their construction, with 
^ great speed and without damage. This type of boiler has gi very positive circulation. 
The whole mass of metal beiqg divided into small sections, a rapid uniform increase 
in temperature takes place. A wnt?r tube boilifr is grifierally worked*in conjunction 
with a closetl feed system— i.e., a condenser and air pump. 

When a boiler has been filled with fresh water, which must, of cour.se, be softened, 
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special care must be taken to ensure, that all the air liberated from the water may 
readily escape. This may be done either by opening the drain oti'tfic water gauge 
and closing tlie water cock every now and then, or the usual method—by opening 
the small cock lifted for this jiiirjiose. A third method is to slacken the small screw, 
whereby the |)ressiire gauge may be drained, and to allow the air to escajie through 
the pressure gauge })ipe. 

With boilers working on the closed feed svstem it is imperative to release all the 
air. If this be not done, coriosion trouble may be e.xperieiiced later 

Scotch marine ty|)e boilers ueial very special treatment on aecoiiiit of their 
ma.ssive eonstiiiction.' The .shell [ilates are very thick, ami theretope all joints are 
eorresjiondiiigly massive. ('oii.sidei, lor instance, the joiii.^ whelfe the tlaiy.e of the 
front jilate meets the cirdiimterential shell a. ij joint ip the latjler. Kiritt there is the 
outside butt stiaji. then the.boiler .shell, then th(‘ flange of flic front plate, and 
filially, the in.side butt stiap. .Vlt hough the jilates are .searled lind the total lluckiiess 
of the joint not ipiite eipial to tlie total of t^ie tlueknesshs ol all the pails just 
mentioned, yerv serious trouble soon coninienees if rliis joint starts to leak as a 
result of iineipial evpaiision caused by forcing the boiler when raising .stiam. 

Steam must be raised very steadily ig marine boilers. In order to minimize the 
risk of une>|nal expansion when raising ste.iin, the Mow-down valves, which are 
always reipiired by l.louls and the lioard fif Trade to be in du|)lic.ile, consist of one 
■screw lift and one non-ri'tiirn \al\e fli the .s9me'casting, and ait^Tonnecled by means 
of a fee jaece in the blow-down pipii langi’ to the inlet ■Sid 1 ' of oni' of file fl'ed pumps. 
A small lire is lighted in the boiler, and tlii'Jxiiler blow^lown and j)iim]iiiiilej xalycs 
are ojiened togethei with eitliei the niyin clAck oi thij aiixili.iiv /doljcey) < liei k \al\e 
on the boiler. The puni|'t niav then be started at an e.isv pace The cold water is 
taken from the lowes* part ol tTiinaaler a^d sent b.n k tifiiaigh the feed check valve, 
whiili Is. of course, pl.ii'ed as high in the biah'r as possible 

When raising steam on a niimbei ol boilers, each must be '■ eiieiil.iled ' in turn 
for alaait a (|uarler of an liiair ii'peatiiig the cycle iliiiil a tempei.ilure ol t!l(l I’’, 
has been recorded bv the tlirrmometcr in the pump discharge vahe cover. The 
jninip may then be stopjied, Kvery pait of the boiler being .il a iiiiiloim teinper.itme 
of o|(i liltle tioiible fiom iinei|ii.d evpansion will .irise 

When boilers have been .standing a long time vvilh banked lues, the same pro¬ 
cedure should be adopted, because althoiigdi the .steam gauge may show I.SO piainds 
per sijiiare inch jiressiiie the bottom .shell pl.ite ol the boiler mav be stone cold. 

I•ix[lellenee has proyed that il the precautions indicated are taken when raising 
.steam with this class of boilei, laiilking tools need never be used fiom one year to 
another. 

A boiler may easily be ruined bv careless steam raising when ipiite new. and the 
damage will never iie entirely leetilied by eaiilking or any other method. 

.Ittention must also be drawn to the very dangerous jiractiee of tightening leaky 
joints when the boiler is under steim. This l.as been re.sjionsible for many fatal 
•accidents. Il'hen steam is being raised on a boiler, before there is any pressure, the 
* MatU'itl oj Mtoittf Ktttjinnmtij' \ i'l iSiiitoii. 
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engineer-chemist should personally inspept every part of the boiler, with special 

reference to the\tfenhole, and, in the case of water-tube boilers of the header type, 

the hand hole covers. The nuts on the manhole covers may be tightened a little*, 

but^when tightening them the men should stand clear of the manhole because one 

of the studs may snap. Cases are on record where the tliread of the stud in the 

manhole cover itself was stripped, probably because the thread was partially corroded. 

In one instance a manhole cover was^tightened up whilst the boiler was under steam, 

and the for.ce of the ste.am on 

the stud, together with the extra * 

tension caused- by tightening the .g 

nut, blew' the stud clean out, 

. . • ' 
injuring one t)f the m^n. ^ t 

If there are any serious leaks « 

which 'cannot be topped* by 

slight increase in presSlire whilst 

raising steam, there is only one 

right course of action. Allow 

the fires to die out, empty the | 

boiler, and remake the 18aky g | 

joint. Joints below^ the water 

level in the boiler Sui generally 

be detected whilsf filling the c *§ ^qqq 

boiler, ^nd.the flow of watrt' can 

he stopped. If^hc.leak is hq^l, «tj 

due to faulty aligmuent of the io £ 

manhole door or of the c,a]r in a 

water-tube boiler, the flow of 

water should be stopped imiuc- 5^;oc?o 

diately. This will in all pToha- ^ 

bility obviate the wjtste of ijmch 

hot water. It is, of course, 

j)ossibl<‘that the leak may “ take . ,,,, „. , ^ 

up, but ho[)es based on that 

possibility will, more often than l-’iii.*2o.—S tukssks i\ MA-nmr.B D.iou UDi.-rs. 
not, be disappointed. 

Fig. 2();ihows the relationshij) betwej?ii 1 ho <liameter of a bolt, the strc.ss due to the 
boiler pre.ssure, and the total load permissible.^ Curves Aand C are for nuts tightened 
at a fortnight’s interval, and curves H a*i<l D for nuts tightcnicd every .second day. 

(ft) System, ofFiriiiy .—Broadly speaking, tlieim are three methods of firing boilers 
which burn solid fuel—namely: 

Hand firing. 

Mechanical stoking. 

Special methods (involving a combination of the other two). 

1*E. a. Hiller. ’ 
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Most l)o\lors an* fiml by band, and, asj always bapppiis wbou overytbbig dopouds 
on tlu* limnan lactor, tin* rcsulls obtaiiipd vary wididv. The utilization of 

any fiipl, Init (‘sjM*cial!v coal, rtajuircs special knowb*dj»i*. Because firing is not 
gi'iicrally recognized as a complicated business, tin* prevailing standard of etficienev 
IS lou d The ilitlVient consideiations \\ Inch must be taken into account bave already 
been reviewed m (’liapter 11 , when dealing with the theoretical lieating value of 
fiU'ls and the (piantitv ot air necessarv for combustion In practice the desire«l 
coinlitions are \erv haid to fulfil because tin* an actually necessar\\is conslantlv 
varving. and,the livdrogeii in the coal is, to a large extent, in I'bemn'al combination 
with tin* carbon 'I'ln* \olatih,‘ gases wInch lea\(* tin* coal imnn'diatelv a tr(*.sh charge 
Is thrown into tin* furnace are ah combustible, and to pr/'vent then escape uiicon- 
sumed sexeial systems Ot tiring have been'introiliiced. viz ^ * 

The^cokmg system. , 

Spiinkling system 
\lt(*rnat<* si<le-firmg swjtem 

('iihu'f Si/yft’tif M'liis Is ilie most e<'(Uiomi<'al u.iv ol filing a bode? Iis li.iiid, but 
it ie<|nii(*s consideiable skill and (‘Ulads h.irder woik than the otliei two s\si(Mns. 
Most hand liietl bodeis are woike«! on tills svstem, i!nil ber-aiise ol the skill and 
lalaiiii re<jmied the st(»king |s geiieralh \ni\ imp<-ile<'l and onlv a sin.dl pen’entage 
of boilers u•(^■l\e the lull advanl.i'.e oi the coking \\ liei/,;Mnpei|\ woikeil the 

,, ‘ s\M*c‘ni * demands 

t In* i^st^ ol I In* iak'(* 
wc‘11 as tin* 
sl)o\ el ,iinl a-s \ ei \ 
h u lin'ineii like 
woikiiig a nike the 
s\s|n|ii l.uK 

Kig '^\ is a 
Inngil inlinal si-etnm 
lliiough .1 giate. 
and illiistialc's this 
method ol tiring. 

Tin* gieen liiel should be thiown on (o tin* Iront tluid cn. .ipjnoximateh. the 
first two feet <d the giate length The lie.it of the buimng hn*! on the imniinder 
of the grate cause's the moh* \<*la 1 ile [uodin ts whn li mak«* snn»ke. to h*.i\ «* tin* i-oal, 
and 111 passing oxer tin* bc-il of ln»i fuel tln'se* ,ir<‘ ignited and < orisiimed W hen the 
heaj) of gi(*<*n fuel lias pailiallv (oked tin* (iieniaii slnuild lake a rake .nid distribute 
this Im-l ecjindly ox'ei tin* rc*niainu,ig Iwo-thiids of the giate Tin* [uocess is similar 
to tin* distillatioiKof coal in gas letorts. onh in the <ase now uiidei consideration 
tin* g.isc's an* burnt whiNt jiassing o\(*1 the iiicaiidesi'ent bed ol fuel cm tin* icmainrh*r 
of tin* grate, instc*ad of being distilled 

B\ lakmg as dc*scril)ed. fhe fin*mc‘ii kcc*ps tin* grate alw<ivs co\<‘red, pie\c*nts air 
* Plot A Sirntljclls, biilish .Yssoimlion. IUU7 
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leaks, and secures the complete combustioi^of the fuel, either in the first gas-forming 
stage or in the slc*nd stage, during which the pure carbon is burnt to form carbon 
dioxide. The usual habit of firemen is to shovel the green fuel on (o the first part 
of the grate correctly, but not to take tlic trouble to u.se a rake to distribute some 
of tEis burning fuel over the grate at the right time. Instead, they n.se the shovel. 
The reach of the shovel is limited by its length and the intensity of the heat radiated 
from the fire, so that the back part of the grate is not projierly covered with fuel, ami 
one of the greatest air leaks in the wlmle boiler system takes place at the point where 
it can.be most easily avoided. Low efficiency is the natural rfenlt. Occasionallv a 
fireman will be found who has no leaks at tl*e back pf the grate, but he generally 
prevents^eaks by throwing ftreen fuel right at the back, which, of course, defeats the 
whole principle of the coking method of hand firing. / 

Spniiklirui System. —The second method is the sjirinkling system, which generally 
gives results as good rfti the niore economical yoking system just described, because 
the use of a rake is not essential, ai^ the system Ik therefore! workeil more'eorrectly. 

Fig. 22 repre¬ 


sents a section 
through a grate, 
and illustrates this 
.system of firing. 

The gre(!n fuel is\ 
thrown over the* 
entire ^rca, gf the 
grate much a.*^ a, 
man sprinkles sand 
on a .slipjiery road, 
the whole seei'et 
being to throw the 

fuel evenly and very thiftly. This neceSsitates rreipient firing, the prineijile 
iiuolved being that tlu! gas(>s given* off during# the coking process almost 
immediately burst into flame. The vrjjume of the fuel throAvn on to the grate at 
any one time is small, and therefore the heat re(|uired to ignite this mas.s being 
K'latively small, the gases are burnt at once, and never get the opportunity to 
escape from the boiler as smoke. * 



The risk with this system is that an unskilled or careless fireman does not like 
throwing ^little fuel on the grate at a time, as it docs not give him much “ breathing 
space ” befween tiring furnaces, and lie therefore throws on shovelfuls at a lime, 
with the result that the grate looks like,a range of mountain peaks, and the furnace 
is of little use till the fuel has been given time tcvburn through. The heaps of green 
fuel will take some time to become ignited, but yet there will be sufficient heat to 
cause the volatile gases to leave the coal and escajie np*tlie flues as black smoke. 
When the fuel begins to bnrif through, the first,place^ where the flame ajipears era 
between the heaps of coal, where the least resistance to the air takes place. At the 
next firing these places will be co\jered with fuel whilst the obd heaps burn down, so 



46 SUPERVISION OF STEAM-RAISING PLANT 


that a good even fire is never obtained. As the heat i| always sufficient to cause 
the volatile gases to leave the coal, but insufficient to ignite them,-tie whole thermal 
value of tlie gases is lost. 

A rake should, of course, be used occasionally even when firing correctly by this 
nietluxl, as this will always assist the air to mix more freely with the burning luel, 
and will stop cliiikeriiig as well as promote combust ion. 

AVernatf Aiile-Finiiij HijhUnit.—'YXw third system, alternate side firing, is not 
much used in ordinary boiler furnaces. ,\s the name implies, fuel is thrown 
alternately on the left-hand and right-hand'side of the furnace at eacli firing, the 
assumption being that the green fuel on becoming coked falls down towards the 
centre. The middle of the graft therelore eon.stitiitcs a channel of red;|hot fuel, 
which burns all the vslatde gases e.seaping from the green fuel .lying banked 
up at the sides. 

Kig. 2ti IS a cross-.seetion fhroiigh a furnace, afid illustrates this system of 
firing. 

The advantage of the .system is tlnif air le.i'kis are not liable to occur so ea.sily, 
and the furnace sides do not siilfer so .severelv along the line of firebars, where 

coirosion is generally most jiromincnt. 
The cngmeoi-ehcinist should discover in 
ivhn h system Ins men are most |)rolicielit, 
and‘should adopt 'lb's as the recognised 
stainlaid wherever jio.ssihle The nature 
of the fuel ii'iv not peiinit ol this eoni.se, 
i.s .some ol the boilers iii.iy bum slack, 
wliikst others again, which have heavier 
duties to perhnm, inav even be fired with 
I'speei.illy huge co.d, 

tnVacb case his aim slioiild be as little 
,snioke as pos ible, as smoke only ilenotes 
waste. A slight haw at the to]) of the 
(himnev is ino.sl consi.sti'iit with good 
practice Comjilctc combustion of the 
fuel, will) no air leaks anywhere, is the 
goal of the engineer-chemist’s ambition, 
'The engineer-chemist will, of c.'iurse, 
have to adapt him.self to the type of boiler plant under his care, but the foregoing 
remarks are a])[)licable in every instance. 

In a largi' plant wliich consumes several thousand tons of coal per year a (pianti- 
tative analysts of the fuel should be^made twice a year, if the source of sujijily remhins 
the same, and the result will be of great assistance when instructing the firemen how 
to burn the coal. Simjity to make a guess and describe the coal as soft or hard, 
caking or non-caking, or in some other eijually vagut terms, is not consistent with 
scientific working. 
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MECHAKICAL STOKlNa 

Mechanical stokers have been invented in order to eliminate the human element 
as far as possible, and also to improve the conditions under which various fuels are 
burnt. Their most important advantages are continual supply of fuel and automatic 
removal of incombustible matter. With hand firing, every time a fresh charge of fuel 
is thrown on to the grate the furnace door must be opened, and this allows a large 
volume of cold air to rush into the furnace. Even supposing that the oxygen in this 
air combines with Ifche volatile gases given o,fi by the coal, tliere remains a large 
volume of inert nitrogen which has to be liea ted to ’the same temperatmo as the 
praducts\)f combustion, and therefore represents a distinct loss. With mechanical 
stokers.no doors need i>e opened, becjyiile the fuel is passed direct on to the grate, 
and the excess air which may^leak into the combt^stion chamber is not serious. 

Another great advantage of. mechanical stokers is that the fuel is handled by 
mechanical means, and" more thap*,onc boilet may be operated by’one attendant. 
The control of the mechanical stoker, and ■Sliorefore the treatment of the fuel to 
ensure perfect combustion, still rests with tl)c attendant, and in this respect the 
mechanical stoker is but a slight improvement on hand firing. 

It is possible to obtain just as bad re.sults with mechanically fired boilers as with 
those fired by hand. ^)u tlie other hand^ better results than can be obtained with 
hand firing are broj^ht within the range of pos.sibility.' A mechanical stoker, 
which is always supplied with fuel of the same sfise and of the same quality, heating 
/aluc, jwid cftniposition, may*if working ujidcr a boiler the load of which is constant, 
)e so regulated ♦hatsthe result* arc above criticism. Under such conditions solid 
ucl is comparable with oil fuel in respect of the regulajity with which heat is supplied 
o the boiler. Only rarely iS efficiency of this higl< order attained. 

Generally—and especially in j^rge power stations—several fuels of widely 
differing character may have flj be burnt. ^The butycers, for example, may still 
contain some North Country*coal w'hen a^ncw'^coiLsignmcnt of Midland coal arrives, 
and is added to the Tfuel alneady received. When tfle Midland coal begins to be 
used in place of that from the North’C'ountry, the stoker should, of course, be 
regulated accordingly. , ^ 

The attainment of clficicucy in combus^tion is conditioned by two factors: the 
rate at which the fuel is burnt and the adjustment of the supply of air according to 
the re’quirements of the fuel. The first may be controlled by regulating either the 
thickness of fire carried on the grate or tlie .speed o^the grate itself, by which is meant 
the rate at which the fuel passes from one cud of the grate to the other. The air- 
supfly depends on the regulation of the draught, a most important matter which 
will be dealt with in the next chapter. * 

If a high rate of evaporation is required a large quant^^y of ftel must be burnt, 
an(^is can only be done by carrying a thick fire and running the grate at a high 
speed. Every mechanical stoker is‘designed for the burning of a certain class of 
‘ Proc. Inet. Mech. Eng., D. Brownlie, p. 263, 1^0. 
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fuel with maximum cfficicnrv, and it will he readily understood that if the fuel 
supplied differs widely from that for whi'eh the stoker was dcsifjmAl the results will 
he eorri'spondmfilv unsatisfaetorv. 

In tins eonneetion a word mav he saiil ahoiit the important influeiiee of the ash 
eontent of a liiel. ' 

Kip -Jl shows the relationship hetweeii ellieienev and the jiereentape ol ash in 
a fuel. 

I’ower-plant owners often make the mistake of siipposinp that ((U.intitv, and 
not (jiiillitv. ol liiel III the dei'idinp taetor in steani-raisinp ellieienev. It, howexer, a 
lllel eontains a lllpli [lereentape oi asir. then everv pound ol liiel on the prate eariies 
with It a eorrespondiiip amount - il iiKkmihiisIihle matter, and ni the eas(;,ol hand- 
lired hollers the prate M<in heeoiiies chipped \\ ith meelianie.il stok-rs the meoni- 
hiistihh‘ matt(‘r is e.nileil aw.ix' h\ the pi.ite. and the troiihle with eloppiiip does not 
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arise, hut the heat supplied 1o the hoilei still rein. nils low in [iiopoition to the ipiaiitil v 
ol fuel Used .More liiel supplied .ikso n‘iX'iins more .ish.nind this max e.irrv away 

eonsiderahle ipiantilies of uneonsiinied iMihon and ol heat Allhoiiph I •h.inie.il 

•stokers aie a distinct all-ioiind improvement on liaiiiMlrnip and the peilocmanee 
ol modern powei stations would he nn[iossihle without them, thev will not ol tlieiii- 
selx-es ensure ellieienev without'siiperxisioil hv a hiphiv skilled eiipmeei-elieiin.st. 
The amount of skill reipiired will xarv with the duties re(|Uired of the hoilers and 
other (onditioiis indieated in the course ol the hook. Thi' holler house ol a fahtoiv 
xx-liic h has to deal with a nou-fliietiialinp load, and in ulneh the loal siipiilied i.s 
alwax's the .same in ex'efv respect, enjoys ideal conditions, and the onlv repiilation 
reijnired will he startinp and stojyinip, with the oeeaiional use ol a rake to toneli 
up the flout ol the prate. Three di.stinet methods haxe heen adopted m perfeetinp 
meehanieal .stokers for hiirninp ordinary .solid fiieks. and these three methods are 
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based on the same principles which govern their counterparts already described 
. under the headi^g*^* Hand-Firiug.” The three classes of stoker are: 

The coking stoker. 

• The sprinkling stoker. 

J Tlie retort stoker. 

Coking Stoker .—Nearly all mechaTiical stokers are .supplied with fuel from 
i-overhead bunkers, the fuel falling by’gravity through .suitable shoots to the hoppers 
Informing the front jwt of the stoker. Ift the coking stoker the thickne.sg of the layer 
jof fuel falling on to the grate is generally regulated by, a door which may be moved 
vertically*and extends tint whole width of the grdtr, so that aji equal thickness and 
absolutely level bed of fuel is obtained. The period during which the I)cd of fuel 
retains this uniform thickness, winch cliiniuishes as Hie fuel pa.ssts over the grate, 

: depends jn the quantity of incdhibustible inattcj' present, and on the resistance which 
the air meets in trying to pass Ihrough the fijiel. • • * 

The speed at which the stoker i*s*h’iven djjpends on the regulation of the stoker 
shaft driving gear, all modern stokers being so designed that the speed of the driving 
shaft is a constant. * * *• 

The best-known e.xamjile (rf this type is the chain grate stoker. The travelling 
grate carries the fuel very .slowly through'ijip furnace, so (hat by the time it reaches 
the ash plates all tlu; ctunbustible matIV.r l«is beeH consumed and the ash and clinker 
fall into the ash pit. * « 

Fig. 2!) ijjijstrai es Babco^ and AViko.x boilers fitted with [latent open type 
chain grate mecli^fiiityl stokers. The de.'^n of the Stoker is such that the disin¬ 
tegration of the fuel is similar to that described under thc<‘oking method of hand 
firing. The fuel first uudergaes a coking process, dift-i1ig which tjme it gives off the 
volatile gases which are ignited and cofisumed as a result of the heat of the fuel on 
the remaining part of the grate 41 ncPtfic latent^heat of the brickwork forming the 
lining of the boiler and the arches. The’ parkially cok^d fuel is burnt during the 
next stage of the forvwaid motion of the §rate, and tlgj remainder, generally pure 
coke, is coii.sumed while the grate is in tlijrack jjortion of the furnace. The incom¬ 
bustible matter Ls carried right to the end of the furnace, and finally falls over 
so-called “ dumping bars,'* either into spA’ial hoppers, from which it is collected 
at regular intervals, or into a water trough cbnveyer. 

Chain grate stokers are not fitted to narrow-fined boilers on account of the small 
space aVailaWe, but m isolated cases a special type of Murphv furnace has been built 
in front of Lancashire boilers to accommodfite the stoker. In .such a case the boiler 
is, of course, not fitted with a grate. The general practice for this type of boiler, 
however, is to fit the moving bar and sprinkler ty[pi of stoker. 

SprinUiwj jStoiter.—-The sprinkling stoker works on exactly the same principle 
as the sprinkling hand-firing .system already described. ■ FuS is projected on to the 
grate by means of a shovel which receives its inipe^is from a spring held under 
tension and then suddenly released, the tension^ and sijdSen release being the result 
of a revolving cam actuating the shovel.lueohaniitm. Thje,iihov«l works in mueh the 
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same way as a boy «bo splashes water by moviiif; a board quickly forward from £ 
vertical position to one approach niff the horizontal. , l 

It Mill be (lathered that the distribution of (he fuel depends on the power ol 
the sprin(? ojicraliiif! (he shovel, and (ha( (his sjirini; should (herefore be carefully 
adjusted. 

Fi(j. 2() illiis(rales (lie lieiinis paten! niaeluiie s(oker. which is (he best knowi 
example of this type. Tlie fuel is (ir.st fed into a raised hcqiper in front of the liiniacc 
falls (hence into a ca.st-irou teediiii' bo.x. in (lie interior of which is a sinijile |iiishoi 
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plate, and is pushed o\cr a Icdoc foriiicd'liy the liottoni of the fecdi'iifr box Tilt 
wci(;ht of fuel so jiiishcd o\ei is rei'iilideil by incaiis of an adjiislahle cam on (lit 
drivini'.shaft, so that the rate ol Iced can be seen liv notim; (he |iositioii ol the cam 
The fuel falls on to a Hat plate called the shovel box. and is piojeitisl into the firt 
at intcivals bv an an(;r.lar shovel, beiiiu bv this means elTcctiiallv scattered oti'r tin 
entire width of (he {(rate. The shovel is actuated jiv jiati'iit jaicumatic ('ear, wliicl 
consists of 'a 1011(1 < oiled .s|irin(' c'liclosed m a cylinder and |iressiii(' on a pi.ston, tht 
use of the sjiring l>eing to propel the shovel forward. The lotating tappet that 
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draws back the shovel has four varviii}; lifts. The efFcct is to scatter the fuel on the 
fire in four divisions, each about 18 iiwlies Ion;;, so that in a (i-foot furnace the fuel 
is thrown on only a (juarter of the fire at once, hlach i>ortion of the fire thus has 
time to become incandescent between the ehaif'es. 

Fi}r. 117 shows the method of throw, beinj; a detail of the shovel mechanism of the 

llennis jiatent machine 
stoker. The shovel 
avni consists of an 
anil A with a ])oiiited 
.sliovel S. This is at¬ 
tached to a leviT arm 
ft, intj;f;ral with the 

* rockine shaft If. Tlie 
, lever aim (j is pro- 

\ ided \Mtli a tri|)|)er It, 
,iiid leimiiiate.s at its 
iippcr emi in a joint 
workiiii; in a cross¬ 
head (’, winch i.s (on- 
lieeled to the rod II 

• and works the piston .1. 
»\ spriiie, M, pressiiiff 

b. pio\all's the motive 
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between the piston ,J and the imil ot the .nlpi.stin^ mil 
Jiiiwev lor pro|iellin;' the shot e! S. .* •• • 

This stoker is lifted with lleiinn patent .self clitiiiiiie compre.siTed air Inriiace. 

When nsini; low-eiade liieis^ whieh eeneralh contain a laitre [iro|)ortion of clinker 
iind ash, the air sjmees in the fiiebais ofcoiilin iiv fiiiii.ices soon lieuime more or le.ss 
covered or .stopped up. and the Inc siilleis in Konseipieni c. I'niess the clinker and 
ash arc continiiouslv icmov^d Ironi'the lire, it is m.iin|estlv nnpossihle to adpist the 
.sujiiily of air to .secnie jierfect. coinitii.sllyii ol the Inel. ,ind for tins rea.son Inbidar 
tire trouf'hs liavini! the same length as the prate liavi'heeti nitrodiiceil to |ao])eI the 
fuel forward. The tubular froiiphs are plaeeil close lopether, and are |irotecled 
from Clint,act with the tire by beinp covered with .slioit mterliickinp prate bars about 
2 feet in lenptli. Projections are ananpeil at the sales of each pial to ensure a 
rcpular and even air space. Air is forced tlnoiieh the ends by means ot line jiiu 
jets of hiplily superheated steam, winch blow the air into Ihe tubular tronph at a 
I'onijiaraf ively hiph jires.snre. The t nbniar tioiiehs all mo\ e into the tire topether for 
a distance of about 2 inches, and are withdrawn individually by means of l-incli wide 
cams on a transverse shaft. The i linker is slowly earned by this rcciprocatinp action 
to the back ends of the bars, and is diopped over into Ihe lower pail of the furnace, 
which 1.S made air-fipht, by the hall division |ilafc iiiider the prate. This division 
plate is opened by piillinp the chain, shown m the illijstratioii, when the clinker may 
be withdrawn in the ii.siial hiannct. 

/ictort Slokcrs. The principle involved in the letort mechanical stoker may be 



WORKING THE POWER UNIT 58 

compared with thp,t of the alternate side-firing system. An example of this type of 
stoker is the Erith Roe three-stage combustion stoker shown in fig. 28 . 

The fuel is fed into the stoker hopper by means of gravity shoots from overhead 



bunkers as in the other systems, but ft is then pushed into channels or retorts by the 
•ecurrent charging of the rams, which work in series corresponding to the relative 
Msitions of their crankshaft unitst Adjustable stroke motions are transmitted by 
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(Tosshead })ins on oacii ram 1o a rockiiif' lever, and tlieiiee liy Vif-iable stroke rods 
to the jmsher of each miit, to its extension firate section, and to tlie inovahle stepped 
liollow {'rate liars between tlie units. The ])iisber advanees the find at its tliiekest 
seetion, distribiitiiif; it oiitwardlv over the ste|)]ied tiiyers, and rejeetiiif; the ir.eoin- 
bustible matter Iroiii the aiiie ot .lelive or |iiiiiiaiv eoiiibiistioii The parth burnt 
fuel and refuse is siilijeet to iiiteiiuediale eoiiibiistion as if travels down the .stepped 
surfaces between tlie retoits, ami aiiv iei|iiiied ileyree of slieiiif; niotion is traiisinitted 
to the ste])]ied hollow friati' bais between the rows of fixed tiiveis. The final stiifie 
of eombustinii extends across the entire width of the stokei. am'l adjlislable niolions 
are transmitted to the sect ion.d exteiision yrates at each coal feediiif; eharye of the 
ram of eaeli individual unit 
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‘29 I'v a floll I InouLfli ,i ii lu i( li Kov sIoKim ami n 1 io\\> t hr furl hnl oii a 

four-irlort stoker. The stationaiv leimts aie holli-'l <i1 Iheir U|)|M‘r eial" to the 
rylimlers of their rain si'ctioii'^. while ilu* weiehi of tfie luel heil to^elhei willi the 
Wei^Mlt of the loW<‘I JMlts ol the s(«)ker l'. •'Uppoitecl on lia^e plate-' cametl on 1 mm\ V 
steel fleams The tuveis me Ihijl phHe (asUn>;>, Ixilled in st«*ppetl Toi\s to lluMr 
stationaiv ret<»its. The tno\alile hox-sh.iped liars alon^-'ide t‘aeh row of 

til vers extend lioin front t<» le.ir ol tlie fnina.*e The inov me extension iruile .see/ions 
slide on th(‘ base jilute.s Tln-ir reitineiit motions ar(* iimh-i eiilirelv sr-paiafe control 
from the motions of tlie pushers sliding on tlie fiottom of the retorts The mo\.il)Ie 
stepped <(rate l>ais an* also indefieiidentlv actuated 

This rnav ;dso lie seen m, -Vh whieh is a se<tion throuj^h a ]ioih*r fitted with 
an Kntli l»oe duplex stoker 

The transfiT of rarliant heat from the mcandesi-i'nt suifaer* of tin* entire fuel hcd 
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on thia stoker is instantaneous, approximately one-third of the total available heat 
heinj; absorbed by the front banks of tubes before the gaseaeome inlo aetiial contaet 
with tlie boiler. Tins faet makes an undivided and arehless fiirnaee praeticable, 
irrespective of the size of the boiler, because with radiant heat evenly diffused over 
tlie W'holc area of the front tubes internal deflecting arches are undesirable, and 
external coking arches are not nc'ees.sarv. 

These stokers are very siiitabh' for installing back to back, ajul with a duple.x 
.stoker as much a.s 2b() tons of fuel may be burnt daily in a single furnace with a 
duplex arrangemeni (>f Stirling Tiidrum boiler. 

Sl’Kt’l.M, .MKTHODS 

Miscellaneous fuels aie fiv(|uently biinil with a combiiialh)ii of hand firing and 
mechanical stoking. Such iriiM-ellaneoiis fiiel.s com|iri.sc wood refu.se. spent tan, 
.sugar-cane, rice husks, and similar fiK'Is whidi occiipv a huge \oluiiie and have a 
low heating value. On aceoiiiit of tlnur bulky ^h)lure lhe\ arc gener.illv laised bv 
a conveyer to a platlorm above the liim.ice. * 
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Fig. fl] shows a Babcock and Wilcox boiler arranged for burning sugar-cane 
refuse. This particular design is adopted m Perip iStcpjied bar grates are employed 
to burn bulky fuels, and the fnocenient of the burning fuel is due to the action of 
gravity. 
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Fig. 32 show^a detail of a stepped grate stoker for burning wobd shavings, from 
which it be sein that the slope of the bars gradually diminishes to counteract 
the reduction in volume due to burning. In some cases, however, the moving bar 
type, of grate has been very successfully employed. 'WTien burning fuel of this sort 



I'to. S2 .—Stkppkd (iiuTK Fou Bummxi; Wood iShavixos. 


it is, of coinpe, impos.sible to clean the grate, because the steam pressure would drop 
too rapidly while the job was being done. Some type of self-cleaning grate has 
therefore to be used. • 

The refuse from large towns can also be suc^ssfully burnt under w^ater tube 
boilers for generating steam. Special furnaces are built for burning the refuse, and 
the water tube boiler is placed either above the furnace or* at the side, so that the 
gases enter the boiler somewhat above the ordinary, grate level. ,This enables 
auxiliary hand firing to be employed when desired—a matter of great convenience 
if the destnictor plant is working in conjunction with an elect/ic light station. 
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HKCiULATlOX OF DKAlXillT 

((») Ilomi (’iiiilxit Till' vcrv (jicat importniici' ol icfjiilahiif' tlif c.xaal aiiaamt of 
air rcijinrcil hv (lilVcrcnl, fuels lias alreaily iieeii em|ph,isize(l, Imt no (iiilieation lias 
yet lieen f;iven liow this mar he ai hieved The methOils luhipti'd \ary with the elass 
of tiiel to he hiiriil. and as if is cfiiile iinpossilile to d“senhe,all the .ijipai.itiis that 
have heel? desieiied to meet speeial feiiiiii'emeiils oiilv a eolleetive deseiiptioii eau 
lie attempted, with el.i.ssilieatioii aecooliii}; to tVe system em[ilove<l. 

The an iieeessary for lomhustioii should jiass thioueli the liie so that it may 
lieeome healed iii its passjee ami m<v also assist m Ke-'pina the liiel ill a ]ioious 
eoiiditioii \\ hen a iresh eharfre ot solii'i luel is Ihiowp on to the firale, the volume 
of volatile gases ese.ipmg is \eiy large, and the air passing Ihiough the lied ol fuel 
will he at a mmmiuiii on aiioimt ul the imieased lesislaii^. \t the \ei\ time, 
therelore, wlieii a eoniparatni'lv lajs’e siipph ot air is iei|mred. Uii' su|iplv is ai In.illy 
deerea.sed and the gases eamiot mi.\ with the owgeii Odessarv lor eomliuslioii. 

Ill Mew ol tins dilhciilli i.iimiis imjliods h.i\e heeii deMseilTd prft\ide a 
“.seeond.iiv " .iir siippK. .is it is lallfd ' due metll»id is to lit*a sihliim oi rotating 
shutter to the the door Thugiid m.iv lii' opened Ioimi lew iiniiutes immedi.ilelv 
aftei llinig. hut if iiliisl then he shut ag.i#i .Most fiieiiieii have not hi'eii mstriiited 
111 I he (Ol reel use of tins fit ting, .mil either doMiist oj^ieii it oi le.iv e it open, the ii'siilt 
henig 111 the l.iltei lase .ill ifti ess of air all the lime jvhieli rediii es the ellieienev 
Jt Ireipienlly happens that the shuttiHs heeonie \erv slack with wear, and 
eoiitimioiisly open themselves * 

.\tlother method of ohianniig a seiondaiv air-suppiv is to use a split hridge. 

Kig. .".’i shows a s|ihl hridge .so eon.stiHeted as to .ilhnt a eertain amount ol air, 
which can he regulated from the lioiit ot the holler, to pass undei the glide at the 
hack ol the holler and meet the piodiuts ol eomhustioii as they pa.ss over the top 
ol the hre-hndge .Vs m the ea.se of tin' sliding or rotating shiilter, an .should only 
he admitted lor a short time niwiiedialely alter Ining Seeing that mlist lireiiien 
neglect to work these fittings lorrertlv, they are the cause ol moie harm than good, 
as they continually ililule .mil. theielore, I’ool the gases leaving the linnaee. 

Uverv time the fiiriiiii e door is opened large (|iiatitities ol cold air rush into the 
fines and reduce the temperature ot the e,\it gases. (In a large ]ilaiit ol, say, twenty 
I.anea.shire hollers, it may he said that one door is cjinlinualiy o|ien. This caiiiiot 
he avoided, htit the liriiig shviuld h'e done in a sharp and lively manlier, and not m 

’ S liuttoh. 
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the leisurely ibshion adopted by some 
labourers who can shovel coal, but are 
certainly not firemen. To a small extent 
the inrush of cold air nifiy be retarded by 
choosing a suitable type of fire-bridge. 

A very important factor, and one 
whicli can be relied upon to give /esults 
automatically once it has been given 
proper attention, *is the correct spacing 
of the firebar.s.'^ Tlie air space between 
the bifts must be determined by the 
character of’ the fuel being Jjurjit. .The 
pro])ortiou of air space should be such 
that the maximum anionnt of fuel which 
may have to be burnt in order, ^o cope 
with heavy demands for steam niay be 
elficienlly consumed. 

For the ordinary Lancashire boiler, 
grate the firebars slunihl 'have an air 
space from i| to ^ in*h. luit not le.ss. 111 
some cases Lancashirt' boilers have been 
tilted with mechanieul .stoljers, which, in 
coursik of thne, became w'lrn, and wev^- 
discarded. TIi* |«itent fireljars which 
formed part of the mechanical stoker 
were retained when haftd firing wa^ 
readojited. Naturally, the residl,*; are 
unsatisfactory, because a firebar which 
has been designed to work under con- 
ditions of mechanical firing can hardly 
be exjiectcd to give equally good service 
with hand firing. 

Smoke is formed when the volatile , 
hydrocarbons liberateil from coal sub- 
jecte’d to heat are not burnt. The.se will 
not bo burnt if there is not suflicient 
oxygen in the air supplied to supjtort their 
copibiistion, or it there is such an exc#.ss 
of air that it cools them below their 
ignition point. 

(b) Natural Brautjhl. —Mo.st of the 
boilers attached to factories worlC with 
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natural rlrauglit—excluding steam jets for tlie moment from our confederation. The 
quantity of fuel utiicli cun elfieientiy be burnt, and thercfoife the maximum 
evaporation of winch the boiler Ls cajiable, dejiends entirely on the draught avail¬ 
able. Hollers «Inch ha\ c a |)oor ilraiight and are forced by offering the grate more 
fuel than it can coiiMimc arc ahvavs the worst ofl'ciulers as regards hlack smoke. 

The draught available (Icpends on the tcmjieraturc of the gases, and the height 
and cro.ss-section of the chimney. The hotter Ihe gases the lighter Iheir weight 
compared with that of the silrroiiudiug air, and hence the greater the .speed with 
which thev ascend the chimney. 

Fig. ;il shows the relationship between height of elnmiiey, mean temperature, 
and the dianght in inches of water. The \eloeity with which the c'tild air rr.shes in 
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through the lire in the boiler is direetlv‘projiorlloiial to (he speed nl the g.i.ses 
aNCending the ehninuw, asNiiiiiing that th'ere aie no air le.iks anvwher'. 

Fig. .')•") shows the rehitionslnp between pressure in iiiihes of water and the 
eoirespoiiding head and velocity of air at normal pressure The vehnitv ol gases 
III a ehinniey is roughly iiroportioftal to the .sijiiare root of the value nidieated by 
the water gauge, although the relation.ship (s not e.x.aet, on .aeeoiiiit of the friction 
the gases overcome during their u>;ward passage. 

In view of the fact that the engineer-chemist will Jiave to make use of the existing 
chimney, this matter need not be di.scn.sscd further. The only eontingeiiey with 
which we arc concerned is the regrouping of a mimber of boilers, which are served 
by two or more chimneys, into one pow’cr unit, when all the gases will be discharged 
into one chimney. Imsiich a case the cngineer-cheini,st will only coiwider the urea 
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• 

of the chimney, and whether it is capable of acting as a discharge pipe to an induced 
draught fan wmqji will probably be installed. 

Most boilers working with natural draught can only carry a limited thickness 
of lire on the grate, because the maximum draught obtainable is not sufficient for a 
fire of the size 
which would best 
fulfil the require¬ 
ments of the case. 

Air leaks due^ 
to faulty furnace 
fittings and cracks 
in the bqiler 
brickwork, a.s well 
as in the flues, 
are . very often 
responsible for the 
poor draught and 
consequent inelli- 
cieno.y of a plant. 

An ample supply 
«»f air through the 

grate is rather the»exception than the rule, but, assuming the availability of an 
adequate .supply, we must jugulate it according to the kind of fuel being burnt and 
the thfbkneal of the -fire on the bars. This may be done by regulating the dampers 
in the side fluesT Tlie side-flu# dampers should, therefore, be regulated from the 
front of the boiler. There arc various devices for aceoinpli.shing this purpose. The 

• • 



fio. 3.5 .—Bei-amonsiiij. between I'jiBsseuK of Air and the Corme- 


SWNDISG Head and Velocitv. 

a 



Fia. 30 .--Method of Bai^inoino thf. Hide Fi.ce Damfehs of a Likcashire Boieer to 

* FACILITATE ReGVLATION FROM T»E FRONT Ksi). 


simplest is to connect the dumpers with balance weights by means of wire rope 
taken over suitable pulleys, so that the balance weights hang in front of the boiler. 
Fig. 3(5 illustrates such an arrangement. • * 

On all boilers the dampers should be regulated from the front, whether the 
draught is good or bad, so that the dampers may be lowered and an> inrush of cold 
air stopped, when fires are being cleaned. 







62 


SUPERVISION OF STEAM-RAISING PLANT 


Fifr. 37 sliows the arraii>;oiiicnt at the front of a l)oil(T hiirning coke. Not only 
IS file sii])[ily of air more easily regiilatlal on account of the ah^ence of volatile 



lit. :{T l/\N(AsnlKJ JR'iriJt iii iimno ('t>Ki inrii* Siru. i’l.i i, Dami’Kks > 
fuj'M iiir J’nt'sr An II'FM. (viion 


, a p . 

matter, hut hy rca.son of the lonirol of ’ji. npersMhen firing, the supply of air is 
iievci in excess, and ajiigli average peree!)\;iir,. of earlion dioxide can he iiiaiiitained. 
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The foregoing remarks refer to the vertical drop type of damper generally fitted 
in the side flues jf Lancashire boilers, But in the case of water-tube boilers a 
horizontal swivel damper is often fixed. The usual method adopted for controlling 
this type of damper is to key a grooved pulley, suitable for taking a chain, to the 
damper spindle, which projects some distance through the brickwork. The chain is 
Idd to the front of the boiler, passed over a second pulley similar to the first, and 
kept taut by some stretching device. A damper fitted with such an arrangement 
will be regulated by pulling the chain. 

AVlienever a swivel type damper is used as main damper (as, for instance, on board 
ships working with natural draught, in which case it is placed in the base of the 
funnel above the uptake), the lever attached to the damper swivel, or other regulating 
gear, must work in a quadrant. This quadrant must have two holes, so that by 
insertion of a steel pinathe damper maf be rigidly held in position. 

Not very lojig ago^ on a ship burning oil fue^ witli forced draught, tlie swivel 
damper in the chimney was displaced from tlm S'ertical or open jiosition and, over¬ 
balancing, closed by itself. i\^soriqjis back-draught was immediately set up, which 
burnt the men in the .stokehold, sev'eral succumbing to their injuries. 

With .shore plants the ipain damper at thejjase of the chimney is generally of the 
vertical drop type, held in tl^e open position by balance weights attached to a short 
length of chain. In every case where a plant sulfers from back draught, or works 
with forced draught fafts, this arrangement shoj^jd be condemned, and a rigid method 
of fixture provided.. The damper is very rarely shut, and in order to raise it to the 
open position, when it has-been shut, it is an ^asy matter to rig up a block and 
tackle.* • •, 

Another typl! ofllam])cr is Uie butterfly di^uper, in which the oper.ating spindle 
is attached to one side of the damper. iSiich dampers afe generally fitted in th.; 
economizer inspection passage in order (u prevent short circuifcilig of the flue ga,ses 
when the economizer is at work, small size they are often fitted in a horizontal 
position on toj) of (lues to act ffh explosion doors. , 

The plates which are fitted to the asiijjit flf a boiler in order to deprive (he boiler 
of draught arc frequently referred to as dampers, but should not be confused with 
the types already mentioned. 

All boilers require toj'e banked at tijjies, and a small fire which may rapidly be 
rekindled has to be kept burning on the grqj.e. This must not give sufficient heat to 
raise steam, but must yet maintain the required steam pressure. Common practice 
with Lancashire boilers is to regulate the side-flue dampers to obtain this result, 
but as these are never air-tight it is safer and moi^ economical to reduce the draught 
by placing the a.sh pit covers in position. This remark has special reference to the 
banking of fires during the night. Shftuhl a .suddej*y^jhange occur in the weather, 
01 direction of the wind, nothing can happen if C.... ash pits are closed, but serious 
dafnage may result if the side-flue dampers only have bejn clostd. 

(c) Steam Jets .—Steam jets placed under the front end of the fire bars are 
commonly used to increase the drffught with Lancashire boiler installations. The 
arrangement of the jets varies very considerably—-from 3 per furnace, that is, 6 per 
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boiler, all situated at the front, to 10 at the front, 10 at the back, and 2 large 
jets inside the furnace over the fire, bringing the total up to It,per boiler. 

iSomc jets are supplied with .saturated steam, whilst others work with siiper- 
hi'ated steam. In the latter case the steam pipe, from the boiler is first taken a 
short distance into the .side flue, and the return pipe leads to the front of the fnniaee 
and is arranged to take the nozzles. .Stieli an arrangement is .show n in fig. 20 (p. bl). 
Steam jets may work (piife economically, using only 3 per cent, of the total steam 
evaporated by the boiler, but this is conditional upon the nozzles being new. O-.b per 
cent. IS the figure normally obtained in practice. 'I’lie nozzles .siioii become enlarged 
bv the scorilig action of the steam, and the original jiiii hole inav, in old nozzles, 
have grown to J of an inchr or more, in diameter. In \iew' of tjie f.iet^ that the 
nozzles are very chea]i ijjid easily renewed, the prevalence of eondiliojis like these is 
evidence of widespread carelessness. • . e « 

.Steam jets are of great ihter».st, bec.inse the moie steani,is wasted in the boiler 
house thjj less theie will be lo juiss bn to the laetorv The engiiieer-chemisl. nnist 
therefore keep .strict watch upon the'steain c(jB.snm(jil bv the jet.s, and renew the.se 
whenever nece.s.sarv. Over the wasle'of .steam in the factorv the engiiieer-i’henii.st 
inav have no control, but for what is %,isfed in Ins own departnieiit he is lesponsible, 
and every engiiicer-cheiiii.st who wi.shes to “ lop the lisk” of <lepartniental elHcieiicies 
will do well to give siTioiis attention to this item. 

Steam jets aic olten titled to menjniiical slokeis suitable ?or narrow-fined boilers, 
111 order to prevent the moving firebars tioiii becoming overheated, and to give the 
air .1 high \elocif v when passing through the guile Ttyv are also ii.seil with \anons 
types ol jiatenf grate for creating i.iteiMh local drniight, and m such casws lliev 
are often fitted at the back ol the grate and foreP the air in a eoimler direction, 
.'loinetinies steam jets aie limit '>do the sides of brii'k eombu.stion chambers in 
order thoionglilv til agitate the piodncls ol combiistion as they leave the lire, and 
to ensure that all the carbon mono.xide is rediiaeil to carbon dio.vide. 

h'lg. .‘f.S shows an ordinary steanf jet nozzle, and in/licates how the oiigiiial jiiii 
hole may soon become enlarged. • 



Kli! :1s'-.S kitio.s THKiieini AS OROrwtv Sti.vm I’la :lll.- .Su nos iiliaaiai \*'raixao,ll- 

.tar Xozzi.h wiirca has Bbciois Woks caii.v l’KKH,eT Stbim .Jit No//ia, 

Fig. 30 shows a section through a steam nozzh' designed according lo pnrelv 
theoretical considelations It will lie .seen that the cost of producing such a nozzle 
would be much higher than that ol the type ordinarily in use. The shape is sucli that 
the .slightest wviar at the throat would jiroduee results even worse than those caused 
by the ordinary nozzle when worn. 
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Fig. 40 illustrates a type of nozzle easily made in the workshop from good round 
bar steel. This is^d such a length that even if the front end becomes worn the 
middle section will remain 
unimpaired for some consider¬ 
able time. Nozzles thus con¬ 
structed have given good 
results in practice. 

On small^ plants burning ,SEO'rjoNTHB()iioiiANKros()MicAi.HTKAM.jETN<)z/.LE. 

wood refuse, apparfij;us similar . 

to that shown in fig. 41 has been built into die base of the chirnney. 



This apparatus is very similar to the blast pipe fitted to locomotives, and can 
be worked either by passing exhaust steam through the sni^dlcr cone or by driving 

_Bve'steath through a small jet placed in the centre of 

the larger cone. • ’ 

WJierever the steam jets are situated, ajid what- 
everdicir funcfion, they arc all liable to wear and 
to waste steam. The effect of using steam jets, 
• especially whemthc coal contains a large percentage 
•of sulphur, may be very dangerous, due to the 
formation oj^ kirge cpiantities of sulphuric acid. 

The Slippy steam to the jets should be 
regulated by inserting a master valve and, where 
••the boiler jiressurc is high, a reducing valve in the 
main supply pipe. Both valves should be of the 
loCk-up pattern.* In most cases the steam pipe is 
E taken straight from the boiler, a small valve being 
fitted between the supply pipe {fnd the front cross 
])^e c, trying the steam jets. This valve often leaks 
t as a result of ^Ifeing constantly opened and shut. 
Where there is no leakage from this cause it is usually 
^ because the valve is left full open all day long, thus 
wasting steam in another way. As it is the pressure 
of the steam, and not the quantity, which matters, 
an enormous •steam value is wasted, representing 
• A hundreds of pounds’ worth of good fuel burnt simply 

I"® to generate steam wliich is blown ad libitum under 

Fill. 41 . — Inbccki) Duacqiit the grate. • 

HlECTOK ISSTALI.ED IS THE ,,, nil i • 1 1 I 

Base or a Steei. Oiiimhey. (“) Fap.—The most economical method of 

X=jjTo Steam. Creating draught is ^y installing a fan, and such a 

^Exiiaust^cam connection either with forced or 

with induced draught. Forced draught has been 
adopted for marine work, but on shpre it is, more often than not, found working 
in conjunction with induced draught,, the combined system being known as 
“ balanced draught.” 
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Forced clraugLt may be worked by two mctliods: either tlio \^ioIe space around 
the boilers may be under press\irc, or only certain section^. The former is known as 
“ the closed stokehold ” method, and is practically confined to ships of H.M. Navy. 
The latter is that, generally employed, and is called “ the closed ashpit " method. 
In this case a constant air pressure is maintained under the grate, winch is totally 
enclosed. 



Fio 42 .—Front Vikw of Marine JtoioMt utter \Mrii JLiuren's System of Fokci.d Diuioht, 

The be.st known forced draught system is one which h.is been iicrfeiied by 
Mes.srs. James llowden and i.-^ extensively used in the mercantile marine. .'V fan, 
usually located m the engine room, delivers air through an air duct to a com¬ 
partment on the front of the boiler and above the top row ot tubes. 

Fig. 42 is a front view of a marine boiler fitted with Howden’s jiatent system of • 
forced draught. 

The compartment is fitted with a large number of short steel tubes held in a 
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vertical position jpy a top and bottom tubp plate. The air from the fan enters at 
the centre of the cempartment and, passing round the tubes, becomes heated and 
escapes by air ducts on the right and left hand sides of the smoke box, finally entering 
the furnace front fitting. The furnace front fitting is provided with a valve which 
regulates the air supply and is so constnieted that some of the air may be admitted 
above the grate whilst the greater part passes round an annular space and enters the 



Fia. 43 .—Section Tiinocaii Marine Boiler eitted vftTii IIowden’s Svstb,m oe Forced Dracoht. 

ashpit. The furnace front being circular, its lower portion covers the front of the 
ashpit. Special air-tight doors arc fitted to this low%r portion, forming an absolutely 
air-tight seal. ^ 

Fiff. 43 is a section through a marine boiler fitte,^ with Howden’s patent sy.stem 
of forced draught. 

The products of combustion, on leaving the boiler, pass»through the air-heating 
tubes and then away through the uptake and chimney. At the back of the grate is 
fitted a semicircular plate which is a tight fit in the lower half of the furnace, and 
the right and left hand fire bars are specially shaped to follow the corrugations of 
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the furniice. Thus flip :\]u)le i;rat(‘ constitutes an air-tij;ht diYisioti lietweeu the 
upjier and lower half of tlu' furnace, except, of (•ours(“, for tiie air spaces hetween 
the fire liars. 

This is a very jio.sitive .system ol forceil draught and, owin" to the entire alisenee 
of any apparatus througli which air miolit leak, the fuel may he Imriit very elUciently, 
giyiiiR an intense white heat. 

Forced draught on .shore is jiractically coniliied to l.irge meehaiiieal stokers 
working under water-tube boilcr.s. although tlieie are .some laincashire boiler plants 
that work on yery i.miikir lines to those just cxjilained. 

When apjilied to iiater-tabe boilers the prim iple of forced draught is much the 
same; the pre.s.siire fans are situated in f hi‘ b.iseiiieiit under the bdiler-housy floor and 
ileliver into the air iUkh under the grate In the yery latest practice this air is lirst 
heated, the fan discharging into a speciar'healer above the economizer. In some 
cases a space has been left betvicin tlie lirebrick lining and the outer wall, and the 
air for '.•oinhiistion circulates through this space hefore entering the combii.stion 
eh,amber through the grate. W hen fuels, sal li as baga.sse, inleiior brown coal, or 
peat, which contain a kirge percentage ol water, are being burnt, the increase in 
elficiency gained by [iri'-heating thCaii is very great, and with these fuels a large 
[lereentage ol the air is sent into the combustion '•h.imber ovei the grate The 
Kritll lioe .stoker already deserihed is an f,'\anitile ol the application of loiced draught 
to boilers .ashore. 

Another e.xainple is given iiu.fig. II, whieh shows MabeO. k .iiid W ih-ov boilers 
fitted with that linn s i hain grate stoker. The whole stoker is contained in an air¬ 
tight compartment, and the arrangement is known as the closed stoker, ('m/ipare 
f/ii.v iril/t till' iijM’/i .v//,st(yii !\lmirii iDjifi d”) W hen' it is desiied to bum a good-class 
coal containing a high percim'.age of volatile iiiatlerghe doors are opened and the 
boiler is worked with natural draught or induced draught When a low-grade fuel 
is to be burnt the doors are shut, and the lortedpliaught fan is set in motion. 

Yet another type of forced driiught mechanical.stoker is the ordinary chain 
grate stoker winch has been adaj>ted*to work with forced di,night by lifting 
between the ujiper and lower (hams a .steel box into which air under jiressure can 
be introduced. 

Fig l.ii shows a Rabcock and W'llciK' chain grate stoker ad.ipted to work with 
forced draught. This is known as the eomiiartmeiit stoker The air [)re,s.sure in 
(‘.ach compartment can be yaiied ,it will to .suit any condition of fire lied, and a 
slotted plate is placed over the top of the compartments through which the air tor 
conibilstion jiasses. The slots Are of a n.irrow gauge, .ind the air is forced thiough 
them at a high velocity. This results in a ■' blacksmith's forge action ’’ being 
e.stablished, and conseipiently vucli fuels as coke breeze can be consumed iiit high 
rates of combustion. 

The physical charai'teristics of fuel vary .so largely that no rule can be given to 
determine when forced draught or balanced draugbt is I'ccc.ssary, until the calorific 
value falls below O.-hlK) JJ.T.l'. Balanced draught is essential for fuels with a low 
percentage of volatile matter. 
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The important item in connection '.vith forced draught is t(f regidate the ait- 
supply under the grate according to the different stages-of disintegration the fuel 
undergoes. ^Vssuming tliat the length of the grate is divided into four sections, the 
first section .sliould receive a small pressure siiHicieiit to ignite the coal. The second 
section should receive the maxiniiiiii pressure, because on this part of the grate the 



FlO. -15.— lUm Ol'k AM) Wilcox 0»-'1l‘VK1MfcNT (THIS (JUllK .SlOKlU 

combustion is most active, and all the air nece.ssary to consume the volatile niatter 
must be sujiplied. The pressuiS. should gradually drop under the third and fourth 
sections, because,the fuel bed is alreudv thin, and consists of carbon and incom¬ 
bustible matter. Typic.il ratios might hi- I : ‘d : IJ : IJ, but these will v.nry with 
different fuels. * 

Many mechanical stokers in large power stations are worked on the balanced 
system of boiler drdught, and this calls for considerable skill in order to ensure 
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correct manipul^lon. The duty of the fo:^ced draught fan is to supply the fuel with 
a sufficient quantity of air for complete combustion, and at such a pressure that the 
air may easily pass through the layer of fuel. The duty of the induced draught fan 
is to overcome the internal resistance of the boiler, and effectively to remove the 
products of combustion, so that the pressure in the combustion chamber may be 
equal to that of the atmosphere, thus minimizing the likelihood of air leaks. No 
heat is expended in creating draught, as in the case of natural draught, and when a 
boiler is fitted with an air heater it is claimed that the unit may be worked at 88 per 



KIG. 40. —(JOLLIEEY liOlLKB i*LANT WOKiAnO WITH A i^IBOCCO In»UOKI> DRAUGHT FaN. 

• 

cent, efficiency. A very wide range of fuels can be burnt efficiently with such an 
installation, because the flexibility of the arrangement allows a wide latitude, and 
the adjustments may be made with great accuracy.^ These possibilities well illustrate 
the value of scientific control in a modern boiler house, and the extent to which 
efficient combustion of fuel has become a matter ^or the specialist. 

Forced draught is rarely applied to ordinary industrial boiler plants, because of 
the skill required to manipulate the apparatus and th^lack df proper methods of 
control in the boiler house. It is jlso an expensive business to adapt existing boiler 
plants to work under forced draught, but induced draught can be applied to almost 
‘ Conference on Smoke Abatement, London, *905. 
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any power j>laiit whilst it is working, and llie final eonnection ‘ o the main fl 
finisheil during a week-end. 

Kig. It) illustrates the loregoing remark and shows a tyjiieal eolliery hoiler pla 
fitted with a “ Siroeeo " mdiieed draught fan. The eoinersion of an open-air hoil 
plant of this description from natural to loreed diaughi would iieee.ssitate siii 
.stnietiiral alter.itions that the saving ohtaiiied would not jii.stity the capital oiitla, 
A forced draught fan is alwuis siii.iller than an induced draught, fan for the sail 
holler iiower, liecaiise the foimer oidv has to de.il with air the volume of whic 


changes vciy little with the dill'erciiee helwei 



‘II winter and suiiinier conditions. Th 
\ariatioii iii volume which occurs wit 
a llucliiation in the trmperatu.-c of th 
fine ga.ses is, on^ the other hand. \er; 
consrdeiTihle, and the iiiilllced drailgh 
fan innst, m addition, he aide to eop< 
with all the air leaks, which an 
gidterally very luimeriais on an ordman 
Lancasliiie hoder jilant. 

The indirccd draught fan should he 
somewhei'f iirar the chimuev. .\pait 
from dist.ineef\s positloii m relation 
to the (liimnev is ipiite iinmateii.d, 
hec.iiise the tail *is ca|iahle ol dis¬ 
charging t*lfe gasi‘.s at a Ijigh lyloiity. 
The po.sition id tlig fan with reference 
to the mam flue oi ccononii/.er outlet, 
it the l.iHcr he present, is more 
imponaiil. The fan should as nearlv 
as ^los^lde dr.iw tliroiigli the centre 
of the ni..ifl Hue or econoinwer as the 
la.sc ma\ he. 


Tin 17 S.l Imii lliniiiiit Siiieiin iMtiiin 
JlKiii.ni l-'iN, niiuii Cui ri.t.n'HI v.sneiiio 
Jin. a Sri i ii !a< msi n I’.m.im 


Kig. 17 shows ,1 “ Siroeeo ” indlleed 
diaught fan coupled to a high speed 
eiulosed reeipiocatmg engine It may 
jiistlv he cl.iinied for induced diaught 
that the system will work ipide well I'leii wheie tin’ passage of the g.ises has io he 
tortuous hefore they reach the Ian. Kig |.S diusli.ites a typical case where a 
“Sirocco induced draught Ian has hccn niouiited, hecaiise no other location 
was avadahle, at the lop id an econonuzej', and although the gases are suh|ecl 
to a vertical lift the perlormancoof the plant is extremely .satisfactory. 

The iimihoil of cipi’rating an induced draught, fan is to run the fan at a coii.stani 
niimher ot icyoliitioiis, wiinh will he determined hy exiierience, and to alter the 
side-fliic dampers for line adjustment. Kvery daincashire hoder which is worked 
with induced draught should haxe an ordinary water gauge fixed at. the front of the 
boiler and connected to the sidi‘ Hue. The jiijie into the side flue should he not less 
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than I inch in diameter. It should be pcrf^iudicular to the flow of gas, and it should 
he situated near thf side-flue damper. The connection to the draught gauge should 
be by means of a tee-piecc and not an elbow, so that a rod may be inserted into the 
tube for purposes of clearing away any soot. Such a water gauge as is illustrated 
in fig. 49 may be made very cheaply by mounting an ordinary chemical U-tube 
on a board by means of clips and fixing a .short .scale graduated in eighths of an 
inch between the arms of the tube. 

For boilens working with balanced draught it is necessary to provide a more 
somsitive instrument^ of which there are many varieties on the'market.. 



fio. 48.—lO-Ixeir Dumktkii .Siroccjo Iniu-ced DiiAitiiiT Kax wokktno os Top of a.s Ecosomkeb 


As an average working figure for a eoal-burning Lancashire boiler, |j-ineh water 
gauge of draught in the side flues, with I ineh at tin?economizer inlet end, and 1 j- inch 
at the fan may be taken as correct, but no liard-amLfast rule (“in be laid down, as the 
regulation depends on the special circumstances o6 each case. The regulation will 
be affected by the nature of the fuel to be burnt, thickness of fire, layout of the 
plant, etc., and the requirements can <nily be met, in actual practice, by the engineer- 
chemist on the .spot after he has careSully studied the various factors which influence 
the combustion of fuels. 

The danger of inefficient working with induced draught is not greater than with 
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any other system, although firemen, if not clo,sely watelied, will ruhUlie fan much too 
fast for economical working, hccaiise this will make tlieir.work «asier. 

Air leaks in tlie boiler setting and 
flues can very easily be detected with 
an ordiii.iry hand lamp, and should 
be filled with fireclay or other suit¬ 
able material until a, jiermanent rejiair 
ran be elTeeted, In eoiineelion with 
air leaks and iiidiiced draught it 
shoiilil be mentioned tliat the addi¬ 
tion,d air drawn wi tliroiigli cracks 
often assists in binning the \olatilc 
pnstiicts after tlie\ ha\e lelt the. 



h'lo —niiiifN\i:\ |)k\i GHI (J\i M. si irvur I. 

Kii: \ L\\i \sifriin 11: ' 


furnace. Tiie admission ol lifi in llii^ 
wav tiirnishes the lorreet expLinalion 
wliy some econonii/ers aetiially iirodnce 
a greater saving than Tine would 
expert. Xono the Jess, economies tliii.s 
effected are very bad ]>ractice, because 
the flues will become overheateil. 

The great advantage of an iiidiiceil 
draught fan is that ,a very short stcid 
chimney — the minimum alloweil by 
the local regulations—may be used 
instead of a lofty brick stark, with 
heavy foiindation.s, which must receive 
the flue gase.s at a certain minimum 
temperature to preate the ncce.ssary 
draught. 

Fig, 50 shows a short self-support- < 
ing steel chimney which deals with the products of combustion from Lancashire 
boilers fitted with d “ Sirocco ” induced draught fan. 


11 



Fig fio —tn-Fo(»r StkklCiumm'.v thaiami with 

TIIK I’KODI CTM OP ('oMIllvrioN OK HoUAUS 
HTTKI) ttiril SiKOPCO ImM CIR) DlUPOFIT Kan’ 
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In the case an induced draught fai» the gases may be cooled down to their 
utmost limit. Afiftr passing through the economizer they should be about 210° P. 

Fig. 51 represents the loss of temperature in the products of combustion between 
the grate and the chimney. The top curve A, shown dotted, is for a plant with 
induced draught, and the lower curve B, shown in full, is for a plant working with 
natural draught. It will be seen that with induced draught the initial temperature 
is higher and the exit temperature Js lower, because no heat need be reserved for 
creating draught in the chimney, but all may be absorbed by economizers. 

The power required to drive an induced draught fan varies from 0-75 per cent, 
in a large plant to 2 per cent, in a small plant* of the total quantity generated, 
whereas*the saving effected in the running cost frequently ranges from 1.5 to 20 per 
cent. This saving is the result of the fuel being more coifipletely consumed in the 
furnace. In other words, a* * * 


greater proportion of the value 
of the fuel is given up to the 
boiler, and the loss incurred 
by exce.ss air reduced. 

It has been stated \hat 
the average figure for the cofi- 
sumption of steam 4cts is 
t)'.5 per cent., none of which 
is available for fift-tlicr use. 
hforcoyer, attain from the Je*ts 
often causes rapid, corrosion 
w'hen in combination with flue 
gases containing a large per¬ 
centage of sulphur dioxide. 

Where a fan is driven by a « 
steam engine, the exhaust fan 
be condensed or utilized for 



Kk;. .">1. f'l>JIPj»RIS()N I^TWKKN TKMrKIlATCHKS OK (iASKS 
I.KAVINli A*1.AX<.'ASI1IKK UolI.RH WITH JNOl'CKO DkAITGHT 
(.\) Jtsi> Nati hai, DiiAeoirr (B). 


heating feed water. 


Of the total available heat generate<l by the fuel, 20 to 25 per cent, is carried away 
by the chimney gases, even in a boiler phvnt which is working under average condi¬ 
tions with flue gases containing about 8 pef cent, carbon dioxide. If an average of 
12 p6r cent, carbon dioxide with a temperature of 000° F. wilt reduce the losses to 
about 17 per cent., with further reductions still possible through a lowering of the 
temperature of the gases by the introduction of etibnomizers, it is obvious that a very 
considerable saving can be effected by, careful attention to the combustion of the 
fuel and the composition and temperature of the escaping gases. How important 
it is to keep down the proportion of carbon monoxide can be re^alized from the fact 
that the heat loss due to the formation of only 2 per efint. of this gas more than 
balances the gain due to the difference between 10 and 14 per cent, of carbon dioxide. 

A further advantage of induced draught when applied to old boilers is that the 
steaming capacity may be increased, the available draught bfeing quite independent 
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of cliniiitic coiulition.s or Uic t('ni])tT)itiire jof tin- fhio fiiises, as alroach’ ox])lainp(l. A 
plant with five hollers, which iiikIit ordinary conditions can only'jiist co]>c with the 
demand for steam, will, with indiieed draiifiht, eiaporale the same amount of water 
with four hollers, leaviiiff one as a reser\e The fai l that thicker fires can he carried 



with no air leaks in the {'r.ife will, with profier ojieratioii, laise the pereenlaiie ol 
carhon dioxide, and‘aii allTroiind increase in eliiciencv will lake place * 

Kiy. .’ll! shows the pereentiijics of fuel sa\ed hv increasing the ellleiency of a holler 
jilant ill \arioiis wavs. 


Jnitniul fini/alSnutliiii/ fn\ttliitf,\i>] \\\n 



SECTION //.—ATTENDINO TO AUXILIAKY 
APPLIANCES 

CHAPTER V * . 

SyPEllH EATERS 

Thk temperature of saturated steam cerrespoiuls to the pressure, and because 
the pressure at which a boiler can be worked is limited by structural considerations, 
the temperature of saturated stesm>is also lithited. lioilers are under construction 
or already working at 1,000 pounds per sqfiarc inch pressure with a total steam 
temperature of 700° E. (saturation temjjeratwe 547° F.), but such apparatus must as 
yet be regarded as experimental. In order to overcome the difficulty of limited 
temperature, a superhj^cr has been added to the pow'er unit. A superheater is 
a piece of apparatus by which the temperatur# pf steam may be increased, after it 
leaves the boiler, ^^thout increasing the pressMe. The efficiency of any steam 
engine, considered as a hCat engine, may be increased by raising the inlet 
temperature of the steam. The outlet temperature is more or less fi.xed and, 
as a result of mo(1ern improvements for maintaining a^ high vacuum, may be 
considered practically satisfactory. • 

The disadvantage of .superheated steam is that special precautions are necessary 
on account of the high tcmperjitufes obtainable. In the case of a new plant the 
problem is not very serious,texcept that it ma^*nccessifate increased capital expendi¬ 
ture, but when superheated steam is applied to an old plant careful consideration 
must be given to various items. Superheaters are often installed on only one or two 
units in a battery of, say, six boilers in order to give a partial .superheat, and in such 
a case no trouble need be e.xperienced. • The object of such an installation is to 
<leliver steam to the apparatus at about the temperature of the saturated steam 
leaving the boiler; in other words, the gain in temperature balances the loss by 
radiation in the pipe system. An arrangement of this character is especially suitable 
where stea’m is used for process work such as botling, its net effect being the same 
as if the boiler house were moved closer to the apparatus using the steam. 

Ki the case of modern power stations using highly superheated steam for driving 
turbo-generators, it is necessary to install pipes and valves of special design, and 
constructed of metals which are capable of withstanding Mgh pressure and retaining 
their mechanical properties when subjected to high temperature.^ 

There are many types of superheater, all of which have been designed for special 

‘ Alloya Research CommiUee, Inst. Mech. Ev^., p. 8%7,190S. 
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purposes and to suit the positions they; occupy on the steam-raying plant. The 
common practice is to incorporate the superheater with th^' boiler, either by 
fixing it inside, as is the ease with water-tube boilers, or by placing it in close 
|)roximity, as with Laneashire boilers. 

Gcareil turbines are now freipiently installed on board ship for the jiropelliiig 
machinery, and the dynamos, as well as other auxiliary machinery, are drivim by 
direct cou])led turbines. For battleships and f.isl ocean liners the turbine is now 
the recognized metliod of propulsion, and tlie result has been to iiitrcMliice super¬ 
heated ste.am on board ship. The superheaters used in this coiinectitin are similar 
to the locomotive type. C()iisi,stiiig of a series of horizontal tubes expanded into a 
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steel header generally jilaced vertically at the front of tin- boiler between the nests 
of smoke tubes. It is not usual to work the winches, |)unips, and other reciprocating 
auxiliaries with superheated steam, and in order to avoid a double system of jiijie 
lines a special steam distribution box is placed in the valve recess. 

Such an arrangement is shown in fig. .bb. which repre.seiits a Schmidt valve ciie.st. 
It will be seen that either superheated or saturatisl steam, or a mixture of both, 
may be supplied to either the main or the aiixiliarv range 

The elficiency of a superheater falls rajndly if the tubes become coated with .soot, 
and as it is impossible to clean the tubes when in jiosition. " Diamond ” soot blowers 
are. fitted to most water-tube and marine boilers to blow any deposit off the tubes. 
The last-mentioned ".pjiaratus consists of a steam nozzle mounted on a frame- 
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work in such ^‘manner that it may be rotated, and thus efficiently clean a 
large area. , 

Cast-iron, gun-metal, and copper are quite unsuitable for superheated steam, 
and must not be used in the manufacture of any pipes, valves, or other apparatus 
which may at any time be subjected to high temperatures. 

The correct operation of a superheater is an important matter which is sur¬ 
prisingly often neglected. Unless the performance of a superheater is kept under 
strict observation, the apparatus -^ill soon become of little use as an auxiliary 
appliance for improving the general efficiency of a .steam-producing plant. In power 
stations w'here the degree of superheat is carefully watched, because i<?has a direct 
influence on the generating capacity of the turbo-generator, the apparatus is usually 
well cared for, but in the case of factory boilers the superheater, once installed, is 
cleaned when the flues are clea»ed,*but<)therwise left to look after itself. As already 
mentioned, superheater tubes become covered with soot which enormously reduces 
their efficiency, and in view of the fact that superheaters working in conjunction with 
Lancashire boilers can be inspect#d»and thatrno special blowers are necessary, the 
frequent failure to maintain them at propel efficiency is very discreditable to all 
concerned. • ‘ • 

In the case of water-tube ^(oilers the arrangement of baffle tiles is of great import¬ 
ance. The makers go J^a great deal of trouble, and pay considerable attention to 
the correct deflection of the products of cei^bustion. In course of time baffic 
tiles become brokemor large deposits of soot collect on the shelves, all of which 
affects the performance of Wie superheater. The results of neglect may often be 
serious, as the following e.xample sliows. Iniii water-tube boiler working at 180 pounds 
per square inch, the* saturated steam temperature is 380° F., and in the case under 
notice the baffling arrangejnents, not being standard fire'brick tiles, had become 
burnt. The leakage through the broken baffling sheets caused*a short-circuiting of 
the gases which was not dctectecl until the superheated steam temperature had 
reached 6(X)° F., or 220° of ssiperheat, when thw enginauising the steam gave trouble. 
The distribution of heat between the bailer *and superheater was, of course, quite 
incorrect, and gave a low boiler efficiency. 

Superheaters should be fitted with a thermometer, safety-valve, and drain 
cock, which last should be fitted with % pipe, preferably perfectly straight, either 
leading to the hot-well pipe system or simply terminating near the ground. Many 
accidents have been caused by thoughtless persons opening the superheater drain 
without first giving suitable warning. 

The safety-valve is necessary because some«types of superheater have to be 
flooded with water, when not in use, to prevent the apparatus being burnt out. This 
watfS" can generally only be expelled by opening the drain, easing the saturated 
steam stop-valve, and blowing through the tubes. Some water will remain in the 
apparatus, and this must be gradually evapo'rated. Somebody Aay open the super¬ 
heated steam valve too soon, thus pausing water-hammer in the main steam range, 
in which case the safety-valve will lift. • 

It also frequently happens that, when a boiler with a superheater has not been 
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workmf; for some time, water collects in the tubes iliie to leaky sti>|)-valves. AMien 
restartme a superheater siu-li a eoiitiiij'eney must always };e provided for, whether 
it has happened or not. 

Inst.dline a superheater may save from II to 15 per cent, of the fuel used, e.sjieeially 
with faineashire boilers where the r.itio of jirale surface to he.itms surface is small. 
In .some eases independently fireil superheaters have been installed to meet s|)eeial 
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rofiuircinpiits, and Hjr. ?)t shows such a piece of apparatus, made hy Messrs. IhiK'ock 
and Wilco.v. 

The tubes of such a superheater should not he subjected to the direct impact of 
tile furnace gases but should be in a chamber uniformlv filled with gases, the 
combustion of wliieh has been thoroughly comjileted, and which have a suitable 
temperature to ensure the degree of superheat reijuired. 



CHAPTER VI 


ECONOMIZEllS 

• 

(a) High-Pressure Economizers .—The economizer, as the name suggests, is an 
auxiliary ^pliance fitted to a steam-raising plant to intrease the efficiency. It is 
used for heating the feed-water prior to entering the boilers.^ 

Economizers may be divided’intb two classes: high pressure and low pressure. 
A high-pressure economizer heats the^atei^whilst it is under pres.sure; in other 
words, the pump delivers The wathr'^- tho poilera through the economizer. The 
' '■ A- , • 
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pressure is therefore slightly above that of tlie boilers, the diilerenco being due to 
the resistance of the economizer. 

Ther« are several different types of each class, but the best-known high-pressure 
economizer is the “ Green ” type, named after E. Green and Son, Ltd., who are the 
patentees. This economizer, which consists of a number ot tube elements placed 
next to one another, is illustrated in fi^s. 66 and 66. 

The tubes are in standard lengths of 9 feet, are made of cast-iron, and have an 


* Boikra, Eeonomaers, and Svperlieaiers, B. H. Smith. 
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outside diameter of i,'’„ inelies. Tliey arc slirunk liy liydrqjiilic pressure into 
east-iron lieaders, and eaeh element is an independent unit. 



I'lll ."lli — I’l.w' CIS l lllll.iv Kin. K('i1\1IM1/I I! 

• • 

Fig. ~>7 is a section tlirough a litadcr. and al.so sliows the internal lid 
The elements niav he pl.iced mjJc hv side to malic an economizer of any size, 
and are eoniieefed hv a special inspection header at the hottoin. and another 
at the top. ‘ 

The water enters the ceonon^aT at the hottoin eonni'eting jape at the end at 
which the flue gases leave th^eeonoinizei. and .iie theiefore relatnely cool. It 
jiasses out hv the fop eoiineeting pipe where the ga.ses 
enter the eeojiomizer. and aie theii'fore hot The tlihes 
are liahle^to heeome coated with soift, and in order to keep 
• thegi clear special scraper^ gear is fitted, as shown in 
fig. 5d. 

Kaeh tube is fitt(;d with a scraper earned in a frame, 
on# framu serving two ifd|aeent elements or rows of tiihes 
and heing’ot file same width as tin' economizer. Two 
scraper frames are eoniieeted liv iiKsins of a chain jiassing 
over a wheel siijiportisl on a special framework above the 
economizer. Kaeh of the wheels is driven by a long shaft 
^FOR Itiiai' kbism'k's'* htff'i "dh ;iniall worms, one opposite eaeh wheel, and 
driven either by a small steam engine or by an electric 
motor. An ingenious device, fitted at the end of the frame carrying the driving 
gear, automatically revenses tjie rotation of the wheels when the •serapeis have 
reached their upper or lower limit. The economizer is set in a ,s]ieeial chamber 
which should be of amjile size to permit'ins|)ection of the tubes, and so eorstriieted 
that the soot may easily be removed from underneath the tub(“s. An in.s])ection 
pa.ssage is reijifired oi] one side of the economizer, and vertical wing-tyjie damjiera 
must be fitted at either end to prevent the gases circulating through the })a.s.sage 
when the tconomizer is in use. 

The gases generally pa.ss straight through the economizer, but sometimes the; 
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units are arrange^ in two groups sitfe by side, in which case the gases follow a horse¬ 
shoe curve in passing through the complete installation. In water-tube boilers 
economizers are frequently placed very high above the ground, so that the gases on 
leaving the boiler pass straight through them. In .such cases each boiler has its 
own economizer, but the usual practice with Lancashire boiler plants is to pass 
the gases from all the boilers through a single economizer, and this arrangement is 
the simplest because the economizer chamber merely becomes an elongation of the 
main flue. The position of the ecoflomizer varies a great deal according to the 
space available; but a by-pass flue should invariably be installed .so that the boilers 
may be worked when the economizers are not in use. * 

Under no circumstances niu.st the water enter the economizer at a lowt'r tem¬ 
perature flian 110’ F., because when bituminous coals are burnt under conditions 

• • 
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Scraper Uear. 

which do not permit of conrpletc combustioji, the tar will distil on the comparatively 
cool surface of the economizer tubes. The tai', together with the soot, will form a 
conglomeration with which the ordinary type of scraper cannot deal effectively. 
A special type of jaw scraper has been patented to overcome this difliculty, but 
the safest aiftl best method of avoiding trouble is to raise the temperature of the 
inlet water to 110° P. This may be done in various ways, the most economical 
metho(> being to use exhaust steam for the purpose. If no exhaust steam is avail¬ 
able, a “ National ” patent circulator should be fitted, as illustrated in fig. 59. 

This apparatus works on the principle of an injector. A small branch pipe is 
taken from the discharge side of the /jconoraizer and connected to the circulator, 
which is placed near to the inlet header. The position of the circulatbr is shown 
in fig. 60. • 
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Inlet 
from Pump 


The cold water enters tlie top of the oircuhitor and passes throifgh a nozzle in the 
body of the circulator. Round this nozzle is an annular space connected with the 

pipe from the outlet branch of tlie econo¬ 
mizer. The action is, therefore, that the 
cold water draws with itself a certain amount 
of hot water, which may be regulated so that 
the temjierature of the mi.xture will be not 
le.ss than 111)' K. 

A mistake very cominonly made by plant 
mechanics, e.sjiecially m large jiower plants, 
IS to sup])ose that a small economizer will 
discharge water at a high temperature because 
there is a large volume of flue gas available. 
If there is a large volume of Hue gas avail¬ 
able, there must be a correspondingly large 
iiiimber of boilers which produce this gas, 


Hot Water 
Inlet from 
Top Branch 
Pipe 
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and, as each of these boilers niiisl 
be siijijilied with the neee.ssarv feed 
water, the volume that has to pass 
through the economizer will also be 
considerable. If a large amount of 
water is sent through a small 
economizer its velocity must be 
high, and as the increase in tem¬ 
perature is proportional to the 
time the wat6r takes to pass 
through the economizer, the result 

obtained with a small economizer must be poor in eom])ari.son with what can 
be attained by installing the correct number of tubes. 
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Fig. 61 shows the relationship betweeft flue-gas temperature and heat trans¬ 
mitted per square foot of heating r———r——_ 

surface. t 7i 

A new type of economizer has .§ 747 ^_/_ 

been introduced during recent years ^ / 

—generally in water-tube boilers, ^___ L _ 

because these boilers are designed to ^ j 

meet the modern demand for in- <i.no 4 _-_ 1- ___ 

creased steam pressures. The ordi- ^ ~T 

nary de.sign of cast-iron economizer 8 . _! _ L ____ 

is considered not strong enough ^ * i 

to withstand pre.s.sures whicj^ are , (q 7 S 6 — _/ —J_ 

mounting steadily year by yca'r.^ -5 / 

To meet the new requirements of __ L _ 

high-pressure power plants Messrs. § j 

E. Green and ^Son have designed a** 3Sg - -j- __!_ 

tri-tube horizontal cast-iron econo- / 

mizer, and fig. 62 shows the new "y *-If_ 

method of fitting the tul^is into the f 

header. • p_|_ 

tnhT^'r'"l ^^^serZtFla^^Te^p.D^^F. 

tubes only, which, besides, being ^ ° 

forced into the header by hydraulic ''Th“ u! 

pressure, are secured by a patent Sqcake t'ooT per Hour for Cast-Iron 

“rin^tay” joint. >-. ovo.vi/,K,«. 

Pig. 63 shows a Green’s ‘patent tri-tube horizontal economizer installed over a 
abcock and Wilcox C.T.M. boiler. The water can be made to pass along the 



Via. 62. Detail of Green’s Tri-tube Horizontal Economizer H«ader s’howino Hinostays 


bottom row, returning along the next*row and passing through each sutcessive layer 
of tubes in senes; or, on the other hand, it can be made to enfer the lowest two or 
* Proe. Inst. Meek. Eng., p. 1697, 1910. 
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three rowH simultaneously, returning along tlie next two or tliree in parallel, and 
back along the remaining rows, thus putting the economizer partly in series and 
partly in parallel as,may be desired. 

Steel-tube economizers are almost entirely eonfiiied to water-lulie boilers, and 
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because this type of boiler needs special ca» in the matter of feed water, the steel- 
tube economizers'wfll probably not suffer to any great extent from impurity in the 
water, with the exception of a deposit of scale due to the “ make-up ” feed water, 
if the softening plant is not being worked correctly; and as such deposit is a result 
of bad management and is not the fault of the economizer, it is unfair to blame 
the apparatus for any trouble it may give on that account. The grc.atest jnisohief- 
maker is air, and it is in this respect that trouble will be experienced. Slcel-tube 
economizers being a fairly recent invention, reliable information as regards their 
ability to withstand ^orro.sion is very scarce. Any engineer who has hacl experience 
with boilers worked on the closed-feed system- that is, in conjunction witli con¬ 
densers ajid an air pump, as arc most power-.station boilers and all boilers on board 
ship will know that he must ^constantly “ cliase air ” if his boilers are not to 
suffer from corrosion. 

Some very interesting e.xperiments are being piade on the Continent in connection 
with the lining of the top tubes of steel economizers. A very elfioient system of 
coating the sides of .steel boiling apparatus has^ been devised, and apparatus for this 
purpo.se has long been used in the chemical industry for pressures of 1,000 pounds 
and more. 

Another important diseovSry, which may influence the u.se of steel economizer.s, 
is that which promises Wie jiower to galvanize cfllciently by spraying, it being no 
longer necessary to immerse the article in a speni^ bath. At present, however, the 
new method of galvanizing is only in its experimental stages. The ordinary .system, 
although adopted by the Admiralty for galvanizing boiler tubes, is not corrosion 
proof. Chemical disintegration of the metal goes on under the galvanizing if the 
smallest flaw c.xisfs anywhere. With the new spraying system it is claimed that 
the lujuid, owing to its very line state of division, enters the grain of the steel under 
treatment. 

The majority of water-tube boilers still send their gases through ordinary cast- 
iron ec^onomizers, because, orthe fear of the pussible. clfects of corrosion should steel 
ecotiomizers be installed. 

Economizers should always be above ground-level, so that they may not suffer 
from dampness, to which^they arc often subject when below ground-level or in the 
proximity of high ground. If the ecojnhtiizers are below ground-level the inlet, 
blow down, and other valves must be operated from the ground-level by means 
of cxt*ended spindles. 

Cast-iroji may become very brittle when stressed, as in pipes which are “ sprung ” 
into position, and any increase in temperature assists in bringing on fatigue of the 
metalj If an accident happens when a man is in the pit, there is little chance of his 
escape without a severe scalding, and any. attention the economizer may require, 
such as the manipulation of valves, should be done from the sur{gce. 

(6) Low-Pressure Economizers. —Low-pressure economiz’ers heat the water before 
it is delivered to the boilers, and wdrk at atmospheric pressure. Thp temperature 
of the water is limited, because a pump supplied with very hot water is liable to 
hammer. If the economizer is placed some distance above* the pump inlet, the 
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pressure on the pump, due to static head, will permit of water being pumped at a 
higher temperature without risk of hammering, because the greater the pressure 
the higher the boiling-point, and hammering is caused by the presence of steam in 
the pump. 

Low-pressure economizers are rarely found, but in e.xceptional cases, where it 
is impo.s3ible to increase the .size of the high-pressure installation on account of lack 
of space, the flue gases arc conducted through a speci.d flue to a low-pre.ssure 
economizer before entering the chimney. An economizer which has been conilemned 
for further use under high jiressiire may be used as a low-pressure unit in which to 
subject the feed «ater to a preliminary heating before it is forced through the high- 
jircssure economizer. The uater is first jmmpcd into a tank from \fhichjt falls by 
gravity through the economizer to the ]mmp, the hole .sy.stem being left o[ien to 
the aimo.s]ihere. The gases, having already'passed through the liigh-pre.ssure 
economizer, are relatively cool, but trouble from corrosion is not eliminated, and 
such an arrangement can only be recommendi'd tthere space docs not allow of 
an extension to the liigli-pressure'ei’onomiSef and an old economizer can he. 
procured. 

A Iow-})res.sure economizer may alsfi be a closed tank fftteil with a jiipc of moderate 
size, left open to the atmosphere, and heated by a snifill volume of waste gases from 
direct heated boiling pans, or any other source of wasti' heat« hich is not of su flicient 
importance to warrant the iiist^lfttion of special plant for its utilization. The 
engineer-chemist can make an economizer of tins sort in the*\vorkshoj), and, as in 
such cases the fuel used in generating the heat is charged to the factory account, 
any use that can be made of the wa.ste gases for warming feed water will contribute 
towards raising the b,oiler departflient's eHicicncy without affecting the cost of 
operation. The quantity of heat wasted in e.vhaust .stCam is well known to be very 
large, but it is surprising to see how much can be reclaimed on some jilants by 
utilizing the waste heat from sources which at fitst sight appear insignificant. Mven 
if the feed water is raised on^' a few* /legrees before entf-ring tlie economizer jirojier, 
a worth-while saving is effected. 



CHAPTER VII 

PUMPS, INJECTORS, AND METERS 

• 

(a) Pumps .—It has already been staled that flie auxiliary appliances attached 
to the bjiler house cxliibit an even greater variety than the types and different 
combinations of the boilers themselves. No useful purpose would be achieved in a 
practical book by describing a* small number of feed pumps and leaving out the 
majority of makes. Space permits only of reference to the different types of pump. 

Pumps are of two type.s—namely, reciprocating and rotary. TJie former is, of 
course, by far the more common, artd'may be subdivided into such classes as vertical, 
horizontal, and radial. All pumi)S are described according to their design and 
arrangement, as, for instabco, duplex vertical single acting, or single horizontal 
double acting. , • 

Fig. 64 shows a pair of Weir direct-acting feed pumps with float tank and 
automatic steam-regulating gear. These pumfs^ although originally designed for 
use on board shij), afe now extensively used on snore on account of their absolute 
reliability, high standard of workmanship, and sound design. It will be seen from 
the illustration that either pump may work with automatic steam regulation or with 
steam supplied direct; also, that each pump can supply iijflcpendcnt feed ranges, 
and that each pump valve chest is fitted with a blind flange so that a second supply 
of water may be connected to the pump. It is vtiy unlikely th’at two feed pumps, 
serving two independent rangei^ani supplied with steam from two different pipe 
systems and drawing water from two sources, lyfll fail tf) maintain the supply of feed 
ivater required by the boilers. * 

The rotary type of pump is represented by the various classes of centrifugal pump, 
whether turbine-driven, motor-driven, or belt-driven. 

Fig. 06 shows a steam turbine-drivei* centrifugal boiler feed pump, made by 
Messrs. Gl. and J. Weir, which has been largely adopted for power-station use. 

Fig. 60 shows an electrically driven centrifugal boiler feed pump made by Messrs. 
Mather and Platt. 

The advantages of rotary pumps are that they form a small compact unit, 
provide a continuous easy flow without shock, and are inherently self-regulating 
in the* matter of pressure at constant speed.' With rotary pumps it is impossible 
for an excessive pressure to be developed in the event of the check valves on the 
boilers being closed. Being automatic in their action, the pum^ can be run con¬ 
tinuously at one speed, and the attendant can do all that is necessary to regulate 
the feed water by operating the valve provided on each boiler. He* need not be 

* Proe. hull. Meek. Eng., p. 361, 1917. 
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continuously run'ung about between the puaip house and the boilers for that purpose. 
The steam consumt)tion of these pumps is from one-third to one-sixth that of a 
steam reciprocating pump doing the same work, and as no lubrication is required 
mside the pump, there is no jmssibility of oil being taken into tlie boilers along with 
the feed water. In existing installations where economisers are old and unfit to 
stand the full boiler pressure the two-pressure turbine feed pump can be very 



Fio. 63.—^I'liE Weiu Tcbbo-Feed Pump. 

conveniently adopted. The first pump chamber receives the water direct from the 
hot-well, puts it through the economizer at .30 pounds pres8ure,«or more if desired, 
and returns the water direct to the second pump chamber, whence the pump delivers 
straight to the boilers. 

Such an installation is shown in fig. 67 with a Mather lyid Platt pump direct 
coupled to a «team turbine. 
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IleRarding feed pumiis in goncral, tho important consideration'is tliat the pumps 
sliall be of sufficient size to deal with all the water when the brnlers arc working at 
maximum pressure. Pumping installations very often fall short of this requirement. 
In view of the vital nece.ssily of a constant supply of water to the boilers, it is, 
indeed, positively astounding that tho.se rc.spoiisible for steam ))roduction shoulil dare 
to take the risks that are run every day throughout the country. J’uiii))S are too 
small; they are in a very bad .state of repair; they can only be supplied with water 
from one source; two pumps are worked with the same steam pipe; there is but 
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one feed pipe line—these are butfa few of the daugorous conditions permitted. In 
many ca.ses there are two, or oven three, pumps on the premises, but only one, is fit 
for use. The others are oldi-r pumps which, if thoroughly overhauled, would still 
serve as a stand-b^'. 

Pumps generally receive little or no attention, and it is a not uncommon c-xjiericnce 
to find a pumj) which is unable to sujiply the ciiaximnin quantity of water against 
the pressure at which the boilers are supposed to work. The size of the pump is 
sometimes at fault,- but generally the trouble is due to sheer neglect. In most cases 







ATTENDING TO AUXILIARY APPLIANCES 1 98 

after the steam water cylinders have l^een fitted with a new liner, a new set of 
rings provided for each piston, and the valve gear touched up a little, the pump 
—to use an engineer’s expression—“ simply looks at it.” Such negligence is very 
frequent, though its cost in wasted steam almost staggers the imagination. 

The more steam the engineer-chemist wastes on machinery in hjs department, 
the lower will be the general efficiency of his department. Economy in steam pro¬ 
duction usually means safety- a most important consideration in large cities where 



Fia. 07 .—^Matbku anx> Platt Tuebine-duivbn (Jkstuifuoal Boilkk Fbi:i> Ppmp working on tub 
Two-Prbssurb System for Applying Low I^bisssurk to Kxistinu Economizers. 

a boiler explosion may cause a heavy loss of life both directly in the boiler-room and 
indirectly by demolishing other structures. * 

Pig;. 68 shows the effect of .such a boiler explosion on the surrounding buildings. 
If two pumps are on one steam pipe and the supply fails, the fact that there are 
two pumps is not of much importance. If they are supplied with steam from two 
independent sources it makes all the difference. Where pbssible each pump should 
receive steam from two independeifb sources. Boiler houses in the basements of 
large buildings, such as stores, hotels, theatres, etc., in densely populated areas, 
should have separate electrically driven boiler feed pumps fof emergency use. 
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A set of Jfiithor and Platt's rlc<'ti;jcnll\'-(lri\'('n lioilcr fi'ed ‘(niiiips is sliown 
in ti". Oil. , 

Oj'dinarv icciproi-atiii" jminps m'l'ivc vorv little alfention when woi-kinfr, and 
nlieii sueli a ))Uiiip eoinmenees to stick either at the top or hottoni of the stroke, it. 
IS a eoninioii ])raetiee to shorten the .stroke hy .serening up the lints reenhitnif' the 
travel of the .steam \alve. The le.siilt is that the pomp only noils a .short stioke. 
the ainount of water delivered is therefore le.ss. and the steam and water eihnders 
heroine ftrooved over a eorrespondni!' leiieth. The piston rod will al.so near iinetenly, 
so th.at nheii the \alve pear is attended to, and the |)nmp on(;e mon- repniated to 
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woik at its normal stroke, the expected .smooth workinp is not obtained.. The 
piston, if fitted to suit the worn part of the evliiider, will be too tight for the (-xtreme 
ends; or, if fitted for the ends, aiiis generally the case, it will pass nater or ,steani, 
as the case may he, during the greater part of the stroke. When the stuffing boxes 
arc repacked they mil not be .steam-tight, because when the grooved part of the rod 
is in the gland and the nuts are tightened, the end of the rod will be tight, and the 
pump will stick. If tightened when the end of the rod is in the gland, the packing 
will he too loose for the smaller part of the rod., Such inefficiency is only one of the 
evil results of shortening the stroke of a pump, instead of attending to the valve gear 
in the first instance. „ 
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■ (b) Injectors.*-*Jniectois are generally fitted to small boilers and locomotives. 

They should not bg used as the only means of supplying water for large boilers, but 
as a stand-by they are unrivalled, by reason of their cheapness, convenience, and 
small size. If there is no second feed 


pump or other emergency apparatus, 
an injector is a necessity. Whatever 
may happen to the feed pump an 
injector offers an inexpensive solution 
of the problem of Jceeping the plant 
in operation when the normal feed 
supply fails. Another advantiige of 
the injwtor is that although the 
normal supply has failed, th« water* 
introduced into the boiler will still 
be hot. 

There are several types of injeofoss. 
automatic and non-automatic, whh'li 
may be divided into adjustable and 
non-adjustablc. Automatic, or self- 
starting injectors start *immediately 



Kio. lill.- Mather axh 1’i.att Ki.EdTiic .Motor- 
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the steam and water are turned on, and reguiate themselves if the supjdy is for 


any reason interrupted. 

Figs. 7(1 and 71 illustrate the (In'sham patent self-acting restarting injector. 



Non-automatic injectors are very siyiple in construction, but require attention when 
they are working, unless the steam and water supplies are not subject to variation. 
Although, injectors can draw water—the height depending <>n the temperature of 
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the water and the discharge pressure—^he less the lift the better.* Non-automatic 
injectors are more suitable when the feed water has to bo li%d. In compound 
injectors the requirements of a high lift and ability to deliver against a high pressure 
have been combined. The apparatus consists of two injectors in one casting, the 
first delivering the water to the second. One is designed for lifting the water, and 
the other is constructed for forcing. AVhen used as an emergency set, an injector 
may draw from a tank .supplied with water from the street mam, the height being 
regulated by a ball valve arrangement in the tdiik. 

Kig. 72 shows the (iresham injector adajited for such emergency use. 

(e) ir«te) MetrrK. -In order to a.seertain correctly the jierfornianee of a boiler, 
it IS ni'Cessarv to measure the raw iiiatenals consumed, or, in other Waimls, e.xact 


« • 
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weight of watei and coal supplied.' The thud lactor, .iir I’onsuniplion, need not be 
measured, because air costs nothing This need only be checked to a\oid supplying 
it m greater quantity than can elllciently'be iisisl 

There are two met hods -which may be termed the " pressure and the “ no- 
pressure ” systems - of ascertaining the amount of water supplied to a boiler [ilant. 
In the former the water passes through a meter jilaced on the discharge side of the 
pump between the piiiiqi and the economizer (or the boiler, if there is no economizer),' 
and is measured at boiler pressure. In the latter the water falls by gravity ftom a 
special tank to the inlet branch of the pump, and the rate of flow through the tank 
is recorded by instiiiraents or actual w'cighing. 

An exanijile of an mstrument for recording the amount of water used is the Lea 
recorder. Thi^ instrument W'orks in conjunction with a tank which is divided into 
* TeslittJ K>ujine% and /liui/mry Jippliamen, W K. Pullen. 
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three compartmenls, 
the outlet of tile 
second compartment 
being fitted with a 
special plate which has 
a V-’wtch attached. 
The water enters the 
first compartment, 
which serves to steady 
the flow to the second 
chamber, gnd before 
it can enter the second 
chamber it has to pass 
through an arrange 
ment of baffle plates. 
From the second 
chamber it flows over 
the V -notch to the 
third comj>artincnt, 
and thence to the 
pump. The dimen¬ 
sions of the V-notch* 



Fra. 7.1.— Akbanqrment of TUB Lea Recordek fob Measubino 
U orLEB Feed Water. 



Fro. 74.—IsrucATiNG, REcOBDina, and 
ISTEGBATTNO MECHANISM OF THE LEA 

Recoboeb. 


fitted are known, and the flow of water at a 
given head can be ascertained. 

Fig. 73 shows a Jica recorder and measuring 
tank. The di.scharge through, the V-R<>tch is 
proportional to the head of water, and, in 
•order to recojd the, amount automatically, a 
float with a»long vertical spindle is fitted to 
the second chamber. This spindle engages the 
recording mechanism, which moves a pen over 
a chart rotated by a clockwork dnim. 

Fig. M illustrates the recording mechanism 
which transpo.scs the vertical movement of the 
float spindle into a horizontal displacement of 
the recording pen. The advantage of this type 
of recorder is that, no matter what the tempera¬ 
ture of the water may be, the actual amount is 
measured in pounds per hour, and the area 
under the curve shown will represent the total 
weight of water for the period under considera¬ 
tion. , 

In pressure meters the^ volume only is 
recorded, and a correction must be made when 


7 
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converting tlie volnnic into weight, .because the ilensitv of'water decreases as 
tlie tempera 111 re rises. Fig. 75 shows tlie weiglit of a galloiv^if water at different 
temperatures. Tlie water in forcing its way through a jiressiire meter moves certain 
mechanism whii h operates tlie indicating gear. 

There are various types of pre.ssiire meters. Kvime are reeijiroeating, and others 
have a rotary motion An e.vample of the reciprocating type is sliouii in fig. 76, 
whieli repre.sents the apparatus made by Messrs, (flenfield and Kennedy. 

The water in passing tliroiigh the meter moves the piston and, therefore, the rack 
(23) up and do«ii. This is ellected iii the following manner. The rack (23) engages with 
the pinion (21) wliicli is iceved .o the shaft (15). The lifter (2(t) is also pinned on to 
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the .shaft (45), and therefore engages the weighted lever (35) during the major jiart 
of every up-stroke, either on the right or left hand sidi* of the biilfer bo.v. When the 
weighted lever has been earned up a certain height, it overbalaiu i's and, striking the 
bevel wheel with arms (25), rapidly turns the cock through' the recpiired angle to 
change the direction of flow through the meter. The meter is shown in the jiosiUon 
of having nearly comjileted its upward stroke. The shaft (15) engages two bevel 
wheels, each of which alternately drives the counter-mechanism, and tin- volume of 
water is indicated on a .series of clocks similar to that fitted to an ordinary gdu meter. 
The tw'o bevel wheels, driven by the .shaft (45), are similar to the free wheel of a 
bicycle, one rota'iing the clockwork, when the rack turns the shaft (45), in a clock¬ 
wise direction, and the other when the motjon is counterclockwise. There must, 
therefore, be no leaks in the discharge system, for in that case the rack would be 
liable to work up and down over a very short stroke every time the pump succeeded 
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A • 

in forcing any water* through, say, a faulty Malve, and as the recording mechanism 
indicates every movement of the rack, the clock may advance, although there is 
very little ivater passing through the meter. 

This type of meter is very reliable, and is very suitable for measuring the water 
consumed by the boilers, because the meter can be read at any time, and it is not 
necessary to compute any result from a chart. The amount is measured in gallons. 

An example of the rotary type of meter is that made by Messrs. George Kent, 
and shown in fig. 77. 




WEIGHTED LEVER N?35. 

-LIFTER N?20. 

-BEVEL WHEEL WITH ARMS N? 25. 

3EVEL QUADRANT N924. 

• 

PINION N?2I. 

-HIALJ SHAFT N« 45. 

-PISTON ROD N? 32. 

QUADRANT SHAFT N?46. 

BUFFER BOX. 
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In this case the water, in passing through the meter, moves in one direction a 
central displacer which is so balanced that a sudden shock or increase in pressure 
does not affect the accuracy of the meter. The over-all dimensions of the meter A, D 
and the height C are all small, which makes the instrument particularly suitable, for 
mounting on the top of a Lancashire boiler when making an individual test such as 
an experimental evaporation teat with a small sample of special fuel. 

Whenever great accuracy is required, as when testing a boiler for guaranteed 
performance, it is advisable to measure the feed water by actually weighing it. The 
usual method of doing this is to use two tanks of equal size, standing next to one 
another on two weighing machines,, so arranged that both tanks discharge into one 
large tank. 
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Such an arrangeinent is sliowii in fig. 78. The small tanka illionld be fitted with 
overflow pipes, since they an; of necessity placed near and *,bove the large tank 
and, in the event of one ol them being jiermitted to overflow througli negligence, 
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it is important to jirevent tlie vaste water from impmig into the large tank and 
thins sjioiling the test. The tanks mav be filled by means of (\\o-\\.iv locks fitted 
with two short lengths of pijie. or two sepaiati' eoeks'miiv be used. I'iaeli tank is 
filled until the arm on the weighbridge tilts, when the cock is immediatelv tinned 


» 



Fig 78 —Diagram hHowiNO Method ok Weighing Ki:ki> Water amu.n isimi Tines 

off and the supply diverted into the other tank. JBy this means the tanks may be 
filled alternately, and the same weight of water be added to the large tank every 
time. Before contmenciiig a te.st the level of water m the large tank must be 
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accurately measured in order to allow for ^ny difference in level at the end of 
the test. This methM of measuring the feed water k only necessary for special 
occasions, as, for instance, when testing a new boiler. 

M meters should be regularly calibrated to ascertain their accuracy from time 
to time (see Chapter XlV.). 




; «re fitted with an injector only, and where this is the regular method 

of feeding the boilers the water meter must be in the inlet (suction) side of the 

the,condensed steam. 

Fig. 79 shows the method of connecting a water meter, and it will be noted that 
a screw-down valve is on the inlet side, whilst a screw-down non-returi> valve is on 
tne outlet side of the meter. 
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CHArTKR VIII 

HANDLINi; OF FOKl. 

(«) Storage. -It lias already been said that tjje water evaporated and the fuel 
burnt must be recorded day by day witli the f'reatest accuracy compatible with 
everyday workiiif; conditions. No'works inanaser will allow accurate daily records 
to be taken if tins means sto[)j)iu}; the plant for even a short jieriod. 

The water iircsenfs no ditlieiilty The meter is read olf at the. saiiie time every 
day; and, if great accuracy is required, the level m ,the gauge glass is measured, 
but this is a relinement onlv needed when r arryiiig out a special test. 

The accurate mea.surenient of the coal presents a biore diflicult ojieration, and 
varies to a great e.xtent with the,iiature of the plant. Ve.*y few tirnis, other than 
jiower stations, trouble to keep detailed records in this respect. The fuel may arrive 
by road, rail, or water, and the character of the conveyance in which it is transported 
must deterniine the sy.stein of weighing 

fuel IS commonly delivered by road, and the vehicle conveying it must jiass over 
a weighbridge and bi weigled on arriial at the works. Jlodern machines are lilted 
with a patent .st‘im|)ing ariangernent, .so that when the lever has been adjusted a 
special card is inserted in the stamping bo.\'. and on this is imprinted, by dejire.ssing 
a lever, the exact gro.ss weight. When the vehicle_has been cin|ilied it nnisl be 
reweighed, and the same card ii.sed for the lecord .stamping. Subtraction gives the. 
net weight of the fuel. The advantage of this method is that all the cards are 
dropped into a special box and, no matter how many other vehicles, bringing raw' 
materials or taking away manufactured articles, may pass ocer the weighbridge, 
there is no contusion such as olten occurs when the weights are recorrled in a book. 
Care must be taken that the weight of the empty vehicle is recorded every time. 
Many firms do not cart their own fuel, and dilTercnt carts are often used by the 
same contractor. Mveii though the .same driver may be regularly emjdoyed liringing 
the fuel, he may not drive the .same cart on every occasion, and the weight of the 
usual cart may have been increased by rejiairs. Such changes are very common, 
and cases are on record in which errors due to negligence in the matter of weighing 
have remained undetected for two or three months. 

Special attention is required in the case of steam-driven road wagons, which are 
often employed to bring fuel from the railway .station to the works. All these aro 
fitted with feed water tanks of considerable capacity, which are generally filled^ 
at the works. If proper record is not made of the weight of water in the tanks, to 
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say nothing of the tjoal supplies carried byHhe wagons for their own use, serious 
errors may arise. Iwsome cases the weight of the so-called empty wagon is recorded 
at the same figure, whether the feed water tank is full or empty, and although on 
the average the errors each way over a year may balance and give an approximately 
correct result, such practices are not scientific recording. 

Even with a small boiler plant a vehicle may make eight journeys a day, so that 
a mistake of a few pounds each trip yill soon cause serious miscalculations of fuel 
burnt, and, if the efficiency of the boiler plant is high, quite ridiculous percentages 
may be obtained by working upon incorrect figureji so far as fuel consqmption is 
concerned. The process of weighing the full cart, reweighing when empty, and 
dropping tlje stamped ticket in a box sounds simple, but some men are capable of 
astonishing vagaries when required to record the weight of fuel passing into .a 
works. * * 

A complication may ari.se when, owing to a stoppage of the normal .source of 
supply on account of industrial trouble, fuel has to be taken from the re.serve suj)ply. 
The necessity for weighing this fueJ'^leipre it is burnt in the boiler house, notwith¬ 
standing that it has previously been weighed for the purpose of checking the fuel 
merchant’s account, is more fiian most men seem able to understand. 

Quite a number of firms ufeigh the fuel delivered to their works, but many accept 
the weight on the delivery note handed in by the driver. Those who do weigh the 
fuel generally get as far as sending the figures up tR the office, where they arc entered 
in a book and presented as monthly returns. This, of course, means little as far 
as the boiler department is concerned, and can only bo used as a basis for rough 
calculations. It may be possible to compute .some such figures as tons of paper per 
ton of coal, or barrels of beer per ton of coal, birt as such figures rarely take into 
account energy supplied from outside sources in the form of electricity or gas, they 
are not even an indication of the power plant efficiency. The firms which accept the 
driver's check as being correct generally use the weights only for cheeking the 
monthly ac.count. * ^ * 

jVlthough the weights are of little use in working out the boiler-house consumption, 
which requires scientific exactitude, it is always safer to reweigh the vehicle as 
described. In some cases where the coal is fetched direct from the colliery in tip 
carts the contractor is paid*so much a ton f ir carting, and drivers have been known 
to stop on the way and water the coals. Fine slack can absorb a considerable quantity 
of water without showing signs of having been “ treated.” In any case, a little 
water every time is all that is necessary; otherwise the difference between the weight 
of the coal delivered and the weight paid for becomes too noticeable at the end of 
a month. 

The'samc weighing system should be employed with fuel transported by rail. 
The trucks should be passed over a weighbridge when full, and a^in when empty, 
because the weight painted on the side of the truck is not iflways correct. Trucks 
are often repaired and not re-registei«d by the railway company. The engineer- 
chemist should watch to see that the trucks are really emptied, because the men are 
very careless about this work and, although a few small lumps Ifere and there, with 
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a little dust ma/ fee all that remains, fliefwaste may easily amount to 30 pounds 
per truck. In a lasge boiler plant using eight trucks ])er day, the lo.sa in a month- 
will at this rate be about 3 tons. Jlany boiler plants are provided with automatic 
truck unloaders to obviate the possibility of waste from this catise. 

Fuel may also arrive in barges or other floating craft from which it may be 
loaded into trucks which are weighed by running them over a weighbridge, or it 
may be taken ashore by grabs or transported by mechanical link conveyer. AVheu 
cither of the two last-mentioned mefhods is adopted the fuel can be measured by 
passing it over a continuous weighing machine. The layout and shape of the 
bunkers will influence the method of keeping records. * 

When large quantities of fuel arrive by rail and the 3 ' cannot bo dealt with on a 
weighbridge for fear of causing cotigestion, they will probably be tipped into a pit 
and transp{)rted straight to • • 

the overhead bunkers by 
means of a bucket conveyer. 

Fig. 80 shows a Bennis 
patent truck unloader which 
discharges the fuel into a pit 
from which it is raised^by 
iiKians of a conveyer to the 
bunkers. The bucket trans¬ 
porter generally feeife a belt 
conveyer which runs along 
the top of the blinkers and 
ilischarges the coals wherever 
rcijuired. 

Fig. 81 illustrates a belt 
conveyer erected by Alcssrs. 

Mitchell Conveyer and Trai*i- 
porter Co., htd., tilling over¬ 
head bunkers. The belt 
passes over rollers mounted 

on a movable trolley, anfl so discliarge.s the fuel before coinraencing the return 
journey. A continuous weighing machine may be installed in connection with 
the belt conveyer, and fig. 82 shows a lllake-Dcnison automatic and continuous 
weigher working under .such conditions. 

The principle is that of suspending a short sect io.i of the conveyer and of weighing 
the material as it pa.sses over without stopping. If the section is 10 feet long the 
machitie will weigh and record, with a ma.vimum error of one half of 1 per cent, the 
Weight of the material every time the conveyer travels 10 feet. The weighing 
machine is driven by the returning conveyer belt itself, so that it*is not deranged by 
any variations in speed. If the fuel arrives by barge and is unloaded by a crane and 
automatic grab, the weigher Ls incorporated above the machinfiry operating 
the crane. 
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Fip;. 83 illustrates a Blake-Denison^automutic woijrher worl»ing in conjunction 
with a grab. 

So far only the weight of the fuel ilelivereil has been considered, and in the 
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majority of industrial boiler plants 
there is little difference between this 
weight and that of the coal actually 
burnt, although this statement by 
' no means implies tliat the delivered 
weight may pfoperly be used for 
calculating the weight biiint. Tn 
plants where the find b ti|)ped on 
to the floor, guesswork is the only 
metliod of estmiatmg the quantity 
burnt during week-ends when the 
(ires are banked. For this reason 
, floor slorage is not a proper metliod 
for keeping fuel \'ery many m- 
diistrial .boiler plants are arrangeil 
willi ji row of brii k bunkers run 
iiiiig parallel willi the front of the 
boilers. Sill'll blinkers should be 
elected wheiwer thev have not 
.dreadv been provided -VI! the fuel 
deliveri'd into these blinkers .should 
be weighed, and twice a week 
liiel 111 the bunkers can be levelled 
liv me,ins < I .1 board, maiked in feet 



and inches, the level of the fuel from a fixed point, say the top of the bunker, 
may easily be measuted. 
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This method of measuring is illustrated^n fig. 84. If the bunkers are square in 
section, or where tile four walls are vertical, a simple calculation gives the fuel in 
the bunkers. 

Fuel in hand at last record-f fuel added 

- fuel now in hand 

In power stations where the bmikers arc of large dimensions to hold a good 
supply of fuel against emergency, the only correct practice is to weigh the fuel after 
it has left the bunkers, and one way of doing this is to use an autonyitic tipping 
machine which is provided with a counter. This counter may be read at any time, 
and, provided that the stoker hopper and shoots are kept always full, the exact 
amount of fuel burnt is the difEqfence bt;j;ween the counter-readings. An alternative 


i-=fuel burnt. 



method vvhere water-tubp boilers are installed is to measure the fuel as it passes on 
to the grate of chain grate stokers, '[’iio fuel in this type of mechanical stoker 
passes under a door which regulates the thickness of the fire to be carried.' The 
fuel burnt in any given time is therefore the content of a solid block having for its 
dimensions the width of the grate, the thickness of the layer of fuel, and the distance 
the grate has travelled. Since equal volumes of coal—or, at any rate, of the coal 
genojally burnt with mechanical stokers—have the same weight irrespective of the 
size of the pieces, the thickness of the layer of coal is directly proportional to the 
weight of the coal passing under the regulating door. ^ 

The Lea coal meter illustrated in fig. 85 makes use of the above fact, and is an 
instrument for registering the fuel pifssing under the grate. The recording mechanism 
is operated by the stoker driving shaft and regulated by the height of the door under 
which the fuel passes. 
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Tlif arraiiffcnu'nt is sliown diagraniafically in fig. 8fi, from wlficli it will bo soon 
that tlio im]>orfant ])art is a spirally tootliod dtiini, which is dnvon by tlio chain 



Fit!. Sli.—IlniiiMM ^nouiM.'iiii. ii-n ■*! Oi'i m riii l.i \ Coo, Mi.m; 


grato stoker niochanism and which in turn drives tlie eoniiliifg di.ils, Tlio spirals 
on the drum aio of ditloiont leiigth.s, ami the iiiinilier whieli engage with the i lock- 

woik diiving wheel doponds 
on the I.ifeial position of 
the (Irniii, wliieli is ni turn 
de|iemlent on the position of 
, tlie tire door. When the 
dlioi IS Inlh open, the clock¬ 
work will be diiten liv that 
part of the drnni on whieli 
the spir.d teeth go light 
lonml the (ireiinileienee ol' 
the drnni, anil a eontinnons 
reioiding will take jilace 
II the door is partlv open 
the drum Is in such a 
position that the teeth only 
engage during ]iart ol the 
revolntion, and the conntor- 
cloekwoik is driven aceord- 
inglv. 

Kig. H7 shows the niochanism of a Loa patent coal meter 

The greatest diflicTilty the engineer-chemist has to contend with is the mixing of 
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different fuels. In large power stations the fuel is tipped into the bunkers as it 
arrives, irrespectiveiof whether it be North Country, Midland, or Welsh coal. The 
barge or railway wagon must be emptied, otherwise there will be demurrage to pay. 
As there is generally little space for storing any large quantity of fuel -and, in any 
ease, such storage means handling the fuel twice, which is expensive- -the biuikers 
have to be filled at once. The only method of keeping different fuels apart under 
such circumstances is to divide the overhead bunkers into sections, each boiler having 
its own .section. If the sj)ace be la*rge enough, a further division parallel to the 
front of the boiler is,advisal)le, with tlie ' 
shoots arranged to take, coal from the 
front or rear section. M’ith such an 
arrangement one batch of fuel may be 
finished before another is started, and,* 
particularly if the fuels vary con 
siderably, more economical results can 
thus be obtained. In, some cases the 
division is almost a necessity. 

Coke is becoming mow; ami more 
[jopular as an ideal fuel from* the point 
of view of economy. Its advantages 
are that the air supply l■e(plired for its 
perfect combustion <'an be accurately 
regulated, and that it docs not produce 
smoke. The hust-mentioned charac¬ 
teristic, of course, means that there is 
no waste due to unburnt volatile 
matter, since coke burns with a \’<!ry 
short flame, and the Inait is transferred 
to the boiler by radiation. To overcome 
the disadvantage of the short flame the 
Sandwich .system of burning a mixture 
of coal and coke has been introduced, 
and when worked- in the Correct propor¬ 
tions this gives excellent results. The 
coke and coal are fed into separate com¬ 
partments in the stoker hopper, as shown 

in fig. 88, and form the bottom and top layers of tdie fuel as supplied to the grate. 

In order to adjust the proportion of coke and coal correctly the fuels should be 
storech'in separate bunkers. Another great advantage of the Sandwich method 
of brnning is that excellent results are obtainable by mixing very low-grade fuels, 
which, under ordinary conditions, cannot be efficiently •consutned, with a small 
percentage of coke. • 

(6) Tratusport.-'-Thfi method of transporting the fuel inside the >('orks depends 
entirely on the layout of the plant. 



Flo. SS -Tin; “ .Sanuwii ii ” System ok Fkeiiiso 
Coke a.sd Coal to as Usdf.hfked Stoker. 
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Fig. 89 illustrates tlie plant erected by Messrs. Mitchell Conveyer and Transporter 
Co., Ltd., at the n^ Nechells power station. This may be taken as an example 
of a modern fuel handling telpher plant of the type required by large power stations. 
The fuel arrives by rail or barge, and is handled by five telpher carriages, each with 
a capacity of-60 tons per hour, which deliver the fuel to the bunkers or store. Each 
grab lifts tons, and is operated from the telpher ear which runs over the whole 
system of track, all points being elecfrically controlled from the driver’s cabin. 



Vai. !K).—l,Jixr.tsmKE Boii.kh Vlast with a Bksst.s 1.ink Chais Chsvkykb. 


In quite a few boiler plants the fuel arrives in a vehicle and is tipped on to the 
floor in front of the boilers. If mechanical stokers arc fitted, each boiler may have 
a small endless chain elevator, fitted with buckets,* which fills the hoppers in front 
of the boilers. 

In ^ollieries the boilers often bum the residue from the coal-washing machines, 
and in these circumstances some type of steel link conveyer is used, because the 
wet fuel is best propelled whilst lying in a steel trough. «uch an arrangement is 
shown in fig. 90, which illustrates a Bennis steel link conveyer. 

The boiler plants of works or institutions in a city are often below the ground 
or street level, in which case the vehicle is tipped in the streA, and the fuel falls 
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down spocial slioots to tlio bunkers, wlbcli are on tlic .same Icve! as tlie firinf; floor. 
If the fuel arrives fiv rail it is often aliovelled out of I lie waf^ui straight into the 
bunkers, wliieli may be level with the firouiid or below the rail level 

On aeeoiint of the liifrli wnjies prevaihiii; to-<lav. laboiir-saviiiff devices are 
installed wherever possible, anil fl}r 111 shows a Heiinis patent truck iinloador. 

Where there arc overhead bunkers the wasions discharge into a pit, a bucket 
convever raises the fuel to the level of the (o|^ ol the bunkers, and a belt conveyer 
carries the tnel along the to|) of the bunkers 

Fig tfi illiistiates a Heiinis bucket eleiator raisino fuel from a tpipler pit to tbe 
inerliead bunkers. 



J’ns Ml ThK JtlNys i-iMl 'I'lU I k 'I’ll'l'l » 


The design of fuel handling plant constitutes a special jiroblem bevoiid the 
province of the engineer-chemist, who has to work the machinerv jilaced at his 
dispo.sal, and not to design som# new scheme. Small alterations to e.xi.sting plant, 
however, often helji matters considerably, and an ordiiiarv belt convever, with small 
steel buckets attacbed. can easily be made m the workshop. Such a conveyer can 
often be installed over existing shafting, such as stoker driving shaft, and can 
perform small duties w hicli will save a man's wages, besides causing less dust than 
hand shovelling. , 

UescriptiOns of fuel-handling apparatus have only been given for the purpose of 
illustrating the iinpwrtaiice to the engineer-chemist of seeing that fuel is properly 









weighed at the right stage. Coal falling by (gravity 
from overhead bunkers is the neatest arrange¬ 
ment—^and that now universally adopted in modern 
power stations. 

(c) Treatment .—It should not be necessary to 
treat the fuel except in very special cases. Coal, 
for instance, can be obtained in all sizes from 
lumps to fine dust, and those firifts which buy 
large hard coal will probably find it just as cheap 
to buy washed nuts and save the cost of labour 
in breaking the large coal. Breweries may be 
. mentioned «as examples of manufacturing })lants 
which at present often burn th^ very J)est large 
coal obtainable. 

Some fuels, such as brown coals, ^.containinjj a 
large percentage of water, can mth advantage first 
be dried. The method generally adopted is to 
utilize the flue gases, which are passed for the 
purpose through a spacious flue divided in the 
middle by steel sheets. 'She ga.ses pass through 
the lower portion, and the brown coal is traj^s- 
ported by a conveyer Jthrough the top portion, the 
wet fuel entering at the end where the flue gases 
leave. 

The most important case, in which treatment 
is required is that of pulverized fuel installatioifs. 
Burning of coal in pulverized form is now the 
practice in some of the largest power houses in 
America—for example, at Lakeside, Milwaukee, 
River Rouge, Detroit, and the new Cakokia station 
which, when completed, is to .supply St. Louis.’ 
The great advantage of this method of burning is 
that the fuel is in the mo.<it intimate relation with 
almost exactly the quantity of air theoretically 
necessary for perfect combustion, and the highest 
possible temperature can therefore be attained. 

The systems for burning pulverized coal may be 
divided into two distinct groups, viz., the unit 
system, .in which the fuel is pulverized at the 
furnace with a separate pulverizer for each furnace, 
and the multiple system, in which the coal is ■ 



Fia. 02. —Tub Bkknis Giiivmr 
BuCKKT OONVUYBIB SBBANaEO TO 
FKKD BMSKBBS OS THE IsWARD 
JOUBNEY ASO TO TAKE AWAY 

Ashes os the Retobs Joubhey. 


pulverized at a centre and transported as a powder to any number of furnaces. 
A typical installation for the burning of powdered fuel includes arrangements 


‘ American Fuels, Bacon and Hamor. 
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for liroakiiif', (Iryiiij;, and piilvcrkin<5) the coal, transportiii); to tlic furnace, 
and Iccdiiif; it tlirmifrli the burner. ^ 

In (Ireat Britain the cement industry makes considerable "use of this method of 
f{eneiatins heat, but with thi.s e.vception, installations ot this character are as yet 
rare in this country. .V s|)ceializcd literature is cro\Mni> ii|) around the subject, and 
the needs ol the reader who wishes to inyesticatc the ])o.ssibililics of piilycrized fuel 
can only be met by a study of the latest works devoted e.xelusiyely to the problems 
of tills depaitment of science. 



CHAPTER IX 


^AN1)LII^G OF ASHES 

(a) Jfemomtl.—Wc have seen that the eiigiiieer-flieniist's interest in tlie handling 
of fuel arises out of his responsibility for the machinery provided for thaf purpose, 
and his obligations to see that the boilers always have a plentiful supply of fuel and 
that records»are kept of the exact weights of fuel consumed. His interest in the 
handling of ashes is very similar ^n character. Firstly, he is responsible for the 
removal of all boiler-house rcfu.se, whether by hand or mechanical means. Secondly, 
he must so arrange matters that the removal at n» time interferes with the. efficient 
working of the boiler plant. Thirdly, he must know the e.xact wcight'of the whole 
of the, fuel which is not consumed. 

The maj(»rity of industrial, boilers are of the Lanca.shire type, which has a com¬ 
paratively small grate surface ^iid is fired in most cases by hand. Water-tube 
boilers, which have a very Ihrge grate, are fired by mechanical stokers and, as 
a direct outcome of the design of the stoker, are i(elf-cleaning. 

Even supposing mechanical stokers did not remove the clinker automatically, 
some other method than hand cleaning would have to be introduced into large 
modern power stations. Water-tube boilers burning coal and fired by hand were 
very eommou in ships of the Royal Xavy before oil fuel was adopted, and the experi¬ 
ence gained with sucli grates, generally provided with four (ire doors, showed that 
even with highly skilled naval ratings the cleaning of a grate took two stokers 
twenty minutes, or ten minutes for each quarter of the grate. Hand cleaning thus 
produced the same result as if,onct)f the fire doors had lj*ien open for forty minutes, 
ami during that time had allowed cold air to rtish into the combustion chamber. 
Among the advantages of mechanical stoking, therefore, must be reckoned the fact 
that no fire doors need be opened to clean the grate. 

With luand-fired furnaces there is one efficient method of cleaning tires which 
is recognizetl as the correct method both oh shore and afloat. When it is desired 
to clean a furnace the fire is allowed to burn down fairly low. A rake is then taken, 
and all the good fuel which is still burning is pushed over to the right side of the 
grate. The clinker on the left side is now pulled out of the furnace, so that this side 
is absolutely clean and no ashes or incombustible matter remain. The good coal, 
yvhich ii^ still burning, is then piLshed over on to the left side from the right side. 
At this point a little green fuel should be thrown on to the left side and the furnace 
door shut. The fireman can rest for a minute whilst the green fuel ignites, so that 
the furnace is not altogether out of action. The clinker from the right part of the 
grate is now raked out, and when this side is clean all the burning fuel from the left 
side is spread equally over the grate. 
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The method is simple enough, ydt very few firemen ashore work to this plan. 
Tlie general rule on shore is to push the burning fuel right/baek to the firebridge 
and to rake all the clinker out together. After this the burning coal, which is not 
very much, is raked over the grate, and a mass of fresh green fuel is thrown on. 
The steam jiressure will drop much more quickly ulicn the job is performed m this 
manner, as the furnace is doing very little good all the time the cleaning is going on. 
AVith the other ineflioil half the furnace only is out of commission af a time. 

'I'lie method first described may akso be worked by cleaning half the grate in 
one furnace, then doing half J^hat of another furnace, and .returning to finish the 
cleaning of the first. The rotation in which furnaces are cleaned should bo as 
shown m fig. !) 3 . 

Jn any case, two firemen should not clean fires in the same boilei at the same 
tune, doing one furnace each, in order to “ gi t it over ” as (piickly as possible, 
llany firemen work in pairs when cleaning out fires, and the result is that, both 
furnace doors being open, a large volume of cold air rushes into the flues and a whole 
boiler at a time is hors de cumbal. .Vlso the work jirogresses at such a speed that 


/ 2 3 • 4 
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those boilers which are finished do not have tune to in,ike good the loss in jiri'ssure 
while others are being dsilt with. The steam' jireisure, therefore, gradually lulls 
until all the boiler fires have betn cleaned, after winch it slowly cieiqis back to 
normal. This is the very woist thing that can hajijien, because all the maehinery 
in the factory slows down, and the attendant immediately regulates the stop-valve 
to give the engine inoie steam, which the boilers camiot siqiply. The lesidts are 
painful. In many ea.ses a special halt of a quarter of an hour is called to give, the 
boilers a chance to pick up pressure, which is quite unnecessary if the cleaning out 
is undertaken according to proper routine. 

Although it is ini]K‘rative. that the engiiicer-cheniist should eliimnate from lus 
plant such inefficiencies as those just described, he may need to exercise considerable 
tact to secure observance of his wishes. Firemen, espcciallyat sea, are easily.annoyed, 
and if irritating methods are adopted when introducing science into the “ firehole,” 
the consequences may be injurious alike to the efliciency of the boilers and to the 
engineer-chemist or his deputy. 

Apparatus has, however, been perfected which will at least mitigate the effects 
of inefficiency in cleaning fires. 
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Fig. 94 shows a patent firebridge fitted to a Lancashire boiler grate, and indicates 

how, when the live fuel is pushed to the back of the grate, the inrush of cold air is 
partially checked. 

All coals contain a certain percentage of incombustible matter which, when 
melted by the heat of the fire, produces slag.*^ The molten slag runs into cakes. 



KnJ. KQi’ippKi) WITH Ai'I’akatps tkmhxg to Imi'kovk Kkfktknoy and to Rkditoe 

Labour of Cleanino Fires. 


and if the firebars arc old and vorn at the top, as sliown in fig. 95, it will trickle 
down the sides and fill up thc*air-.space between the bars. 

A grate covered with slabs of clinker can be ch*ancd with a rake, but when the 
molten slag has run between the firebars a slice must be used in order to lift as much 
away as possible. Wlxeu- a rake only is used the top layer may be torn away, but 
the slag will remain wedged between the firebars, choking up the air-space. 

It also very often happens that firemen simply pull everything out of the furnace, 
regardless whether it is good fuel still alight or dead clinker. They then fetch a few 
shovelfuls of burning coal from the next boiler and 
add a large quantity of green fuel. By employing this 
method they cause the steam qxressurc to drop rapidly. 

The fires will take some considerable t-me‘before 
burning brightly, during which period the pressure 
continues to drop. 

Another cause of trouble’in connection with cleaning 
fires is that most firemen give themselves far too much «»•— Fibebabs 
work. For instance, they rake all the ashes on to the 

floor and then shovel them into a barrow. This is a waste of time, and is certainly 
not conducive to cleanliness, the importance of which in a “ firchole ” cannot be too 
strongly emphasized. Wlien fires are cleaned, the ashes should be raked straight 
into a barrow placed ready in position by the ash wheeler. The ash wheeler should 
spray water on to the ashes, as they are drawn from the furnace, and thereby prevent 
dust from flying about. A water service pipe ruiming along the wall of the boiler 
house or attached to the front of the bpilers, with suitable connections for a flexible 
hose, will be found very useful. The engineer-chemist should have a light steel plate 

Technical Paper, No. 306, Washington. * 
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made hIiicIi cau rcaflih’ he fixeil to (lie Iroiit of the laaler, shaped (o ri’st on tbo 
harrow. Tins portable plate, illustrated m lij; iltl, will preveiit half the ashes falliiif; 
on the floor, to cause more work and dust in sweepiiift the floor clean 

It al.so .serves the verv import.inl function of jireventinj' the front of the holler 
.suflcrinfj from cold water which iiivariahK s|)liishes against if when the ashes are 

damped and comluiies with the hot 
clrnker to form loirosue fumes 

The engmeer-clii'iiiist should nunetii- 
her fliaf diisf is less ohjectionahle during 
the shoit time it Hies ahoiit than when 
it settles round leed-valie .spindles, on 
the lioiler tops and loiiiid all the 
mountings, c.iiisnig a general a|ipear- 
aiice <d (lilt Moreover, this holler- 
house dust IS as haid as caihoiiiildiim, 
.ind whenever a v.ilie on which dust 
has settled and wurkeil into the stiilling 
hoy IS manipulated, a grilidllii; ellect, 
IS piodiiccl The result is that the 
spindles heconie worn, dirt linds its wav into the gland packing, and le.iks 
manifest themselves. 

When evcrvihmg is covered with dust, a mechanic will not think of going round 
the jilanf to tighfen up leakv glands, etc , fiisflv, hecaiise he prohahlv will not see 
they are l(Mkmg, and .seeondlv, hecaiise the piopositioii is too iinattr.ictive When 
the.se leaks commence they moi.sten the dust and as this ret.iins the moisture, 
corrosion commences at once. \ erv had accidents have heeii laiised hv a weakciimg 
due to corrosion taking pl.ice iin.secii Lack of cleanliness is one of the (.nises respon- 
sihlc for this dangerous coijditlon. It e\er\ thing is kept reasonalilv (le.iii. the e\e 
Will detect any faults verv much more (|uieklv. 

The surroundings in which a man woiks inlliieiiee his chaiaitei, .iiid theielore 
flieipiality of his work ireiiee it is nio.st iniportaiit to let .1 man work in siiiioiindiiigs 
which are as congenial as possihle. alwais rememheimg Unit pamt .ind |)olish do not 
add aiivthmg to eflieieiiev. It is not ifi hiiinan natiiie that a lirenian should take 
an inteiest in his woik and the plant under his care when the holler limi.se is so dirt V 
that he cannot attempt to move the smallest thing witlioiit hecoming smotheied in 
ashes and .soot. If the plant is lairlv tidv. the fireman will do his share to keep 
it so, hut when he sees things going to rum he natiiiallv does not com 'rn 
himself. 

Another thing to he home in mind is that, the " tirehole " is lookeil upon as a 
dirty jilace, hecaipsi' coal, which, in popular fancy, is al.so duty, is burnt there. Con¬ 
sidering the price of the raw material and the very neat ajipcarance of some of the 
little factories m which steam is made, surely it is worth while yo give the boiler 
house at least the gjime attention that the remainder of the factory receives. If the 
boiler house were kept cleaner, it would probably be included in, the manager’s 
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round of iiis|)(rtion, and he would interest liimself in this section in tlie same maimer 
as 111 tlio real of tlie plant under his control 

A\ ith mechanically fired hollers the (piestion of cleaiilmess practically resolve^ 
itself into the rinnoval of the holler refuse. Water-tnhe hollers, for instance, are 
scneiallv arran/jed m such a manner that the refuse, when jaished over the hack ol 
the stoker, tails into specially constructed hofipers These lioppers are (itted eithei 
with sliiliiif; doors or hinged doors opened hy noim wheel attachments ,s!inall I rucks 
on rails let into the floor are run iiiidei the hopper di.scharges and the rcmo\al ol the 
refuse pies<nits no diHieiiltv 
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Fig. 97 shows an ash tunnel under a Bahcock and Wilco.'c boiler. 

In some cases a siiecial .sy,stcm of water troughs or air pipes is installed under 
the boilers. In the. air-pipe system the refuse first falls into a small crushing maclmie, 
and is then conveyed through the air pipe to a collector. 

Fig. 98 .shows a Bahcock and Wilcox patent suction ash-conveying plant with 
ash pipe, inlet boxes, hoppers under boilers, and ash breaker. Large fans create 
a vacuum, and the air which rushes in at the opening in the pipe under the 
crusher carries the fine ashes with it. The' plant generally consists of an ash 
pipe which leads into a large ash tank so constructed that carts may be run 
underneath, a pipe from the ash tank to an air filter and a pipe from the filter to the 
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exhauster. Fig. 99 ‘shows a Bennis patent ash-handling plant constructed on this 
principle. 

In the case of mechanically fired Lancashire boilers the fuel is propelled over 
the grate by the moving firebar.s. These firebars move forwards and backwards 
in alternation, and the refuse 
falls off the bars at the back 
into the flue. To remove the 
refuse a half-division plate, 
forming the seal between 
the back bearer bar and the 
lower half ijf the furnace, is 
rai.sed by means of a chain 
leading to the front of the 
boiler (see fig. 2C). The refuse 
is then withdrawn by hand 
with an ordinary rake, and is 
wheeled away or transported 
' mecliameally. 

Fig. 100 illustrates an aul*- ' 
matic telpher plant for han<l- 
ling a.shes from a battery of 
Lancasliire boilers, installed 
by Messrs. Mitchell Conveyer 
and Transporter (.’o.. Ltd. 

The skip is lowered in front 
of the boiler, and the a.shes 
raked into the skip. The con¬ 
trol button is then pushed, the 
skip is automatically hoisted, 
and the telpher travels out 
of the building to the ash 
bunker, where it is automatically stopped, and the skip discharged. The telpher 
waits for a period of five seconds and thei. returns to its original position in the 
boiler house, awaiting its next load. All these operations are entirely automatic, 
and can be varied according to any cycle of operalion required. The automatic 
telphers can be used for any purpose where a continuous cycle of operations is 
necessary. 

(6) Disposal .—The term “ boiler refuse ” has been used in preference to the 
words ‘ ash ” and “ clinker,” becaasc in the greater number of cases, especially 
where boilers are fired by hand, the refuse contains a large percentage of unburnt 
fuel. • 



Fin. !»!).--BKXSI.S Fski matic A.'sii-nA.'JuuNn Fi.ant. 


As the boiler refuse is generally cSrted to the ash heap or disposed of by sale 
to a breeze merchant, the unburnt fuel constitutes a direct loss. The system 
employed in removing the refuse will influence any scheme that may be proposed for 
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rccovcriiifi mimic of the unlmriit ciirlion II is, of coiir.sc, clear'that ill tlie cum' of 
a Jai'fie jiower house, wliere it i.s oiilv iiece.ssarv to draw the'veliicle receivinji tlie 
refiiM' iiiiilei' tile hopper of tlie a.sh-liaii(lliiij' |ilaiit. ami the vehicle i.s filled in a fen 
iiioliicnts, an\ iiiteifereiice mill thus sv.slciii mil me.iii a loss ol time. A fuel 
reelaiiiation plant must Iherelore he capalile ol deahiig mill all the ridiuse Irom such 
a holler hoiuse as last as it is delneied. 



I’ll. 100 -.\i rcoHTii Ti.i.i-ioit I'j isr mi: Hwiuasi; \sin,s ui.oi llnu i ns 


Xo reclanialioii plant oufjlit to he necessaiy m such cases, hciaiuse the lioilers 
are lifted with ineehaniciil stokers ninch, il pioperly maiiaijed, mil diseliargc the 
refuse with such a small jiereentage ol unhiirnt fuel that a reclamation jilaiit noiihi 
not pav for itself within a reasonalile time " The fact, however, is that in most 
lactones at the jiryseiit time reclamation plants would yield suhstantial (irolit, 
especially where the firing i.s hy hand. 'I’hat such conditions should prevail is almost 
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inexcusable. Even*with hand-fired boilers under good management it is possible 

to attain high efficiency in combustion, and where mechanical stokers are used no 

satisfactory reason can be given for the presenee of much unburnt fuel in the boiler 

refuse. 

The space under the grate of a water-tube boiler in a modern power house is 
generally divided, and leads into one or two hoppers, so that the small riddlings and 
cinders which fall through the grate can thus be collected in exactly the same manner 
as the ashes, and returncil to the boilers. When grates are cleaned by hand, all 
the unburnt fuel is mixed with the a.sbes and clinker, and often forms a,very high 
percentage of the total refuse withdrawn from the boiler. Since most of the boilers 
supplying steam to factories are operated by hand a large amount of good fuel at 
present thrown away could easily be saved. In this case there is no question of 
disturbing the usual routine, because the refuse is generally thrown on to the ash 
heap, where it is out of the way. A reclamation plant situated next to the ash heap 
would inconvenience nobody, and couhl be worked when the, ash wheelers were not 
busy assisting in the firehole. 

There arc two types of machine for recovering coke from boiler-house refuse — 
namely, dry and wet separators. The dry separators work on the principle that 
mo.st coal contains some ire# which, during combustion, is converted into an iron 
oxide of sudiciently high magnetic sus(!epfibility to separate the coke from the 
ashes. The wet separators rely for their efficient working on the difference in the 
respective specific gravities of the coke and clinker. The refuse is first passed through 
a rotary sieve which separates the fine dust, and allows the large clinker to pass out 
at the open end. The remainder enters a vessel, generally a trough, filled to a 
certain level with some liquid which costs little, but has a high specific, gravity, as, 
for example, loamy water, ammonia liquor, chalk water. T'he coke floats, and the 
incombustible matter sinks, ouch being removed by mechanical means. In one 
type of machine the removal is effected by two siqierimpo.sed spiral elevators working 
in separate compartments. , 

A further economy may be effected b/grinding the incombustible matter and 
mixing it with suitable binding material, when c.xeellent bricks may be made from 
the mixture. The cost of making such bricks is very small, and the engineer- 
chemist, should he be required to supervise this work, will experience little difficulty 
in obtaining information as to the best methods of rnanufai ture. If such bricks are 
made, their monetary \nilue, even though they are not sold but are used on the 
premises, must be credited to the boiler-house account, and not to the general account. 
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KKKI) WATER PLANT 

(a) Piirificnlxm. -All water used for feedmi; hoders must satisfy a"liiicli standard 
of purity, and its treatment, must, lie under tlie stnetest su])erMsion. *liqual care 
must be exereised wliether Iiodejs ate fed wifli "new" water or willi eoiideused 
steam, althougli tlie mettiod (pf Irealment wdl diller aei'oriling to f iieiim.stanees. 

laineasliire boilers are invariablv supplied with " new " water, very little, if 
any, oondensed steam finds its wav back into the bipiler Wafer-tube boilers, and 
all boilers on board sea-gomg ships, are pail of a elosed system, in which the same 
wafer, with a .small pereentage of “make up" feed x>ater to cover hi.ss through 
glands, etc, is used over and over again. Loeomitlive boilers are supplied with 
“new" wafer, with the e.veeplion of those tiffed lo the newest fiirbine driven 
engines. Verlieal boilers are su|iflied with wafer aeeoidiiig lo (heir dnfies. If 
attached to .t planf ashore, they will jirobably reeene tlf,- same treatment as 
Lanra.slure boilers; if used as donkev boilers on board .shi]i, fhev m.iv work m 
eonneetion with a condenser or not. I'he arrangements in this res|ieel at sea will 
gonerallv depend on the ty|ie and age of the vessel. 

Wi) will deal first with the class of boiler supplied with " new " water, which in 
some instances eaifnot bv any stietch of imagination be described as “ fresh " water. 
The source may be a river, canal, lakit ]iond, widl^or town main. All these waters 
contain seale-fornung inaftei*to a greater or lesser exteilt, and the kind of treatment 
reijiiircd to eliminate this matter is sniiilur for all ' 

The impurities in water supplies are of thri'e kinds- suspended, colloidal, and 
dissolved. pSinspended impurities may be organic vegetable and animal matter, or 
inorganic substances such as .sand, clay, of other minerals.* Colloidal impurities may 
be present, either as organic colloids (waste, vegetable colours and acids) or as 
inorganic colloids (extremely fine clay, particles of silica, alumina, and iron oxide). 
Dissolved impurities .are found in all waters in the form of dissolved organic matter, 
and such inorganic substances as carbonates, sulphates, chlorides, nitrates of ealciuip. 
magnesium, and sodium. 

The effect of scale is shown in fig. 101, which illustrates the differc-nee in 
temperature of a furnace when clean, and when covered with .J inch of scale, the 
flue gas temperature being the same in each case and averaging 1150° F. The 
temperature of the clean plate is 350°, and that of the sealed plate, 700° F. 

Water from a river or canal must also be examined for chemical impurities 

* Water and ile Piirifirationt S. Kideal. 
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mimis<'opic examination is necessary. ’ Tlie presence of tlie organic matter in tiie 
boiler ns a soliil impurity does not matter much, but certain injurious acids are 
formed which do matter very much, and eausi' corrosion which is olteii attriliuted 
to entirely different cau.scs. Water drawn from a jioiid mav (onlain a fair amount 
of .solid matter such as clav or .sand, especially in the summer when the water gets 
low. and the inlet pipe .slimild always be coimected to a float .so as to be free to rise 



I'm 101 lC\Ti uses Sm\ii. I’uismio, fii m. 

and fall with the level of the water. The inlet end. fitted with a io.se. should be 
iimnersed siifllciently to preient air or floating ini|ainties fiom being taken into 
the pipe, but it slsaild n|so be kept as far from the bottom as jiossible. 

Kig. 1(12 shows a type of valve (fla.ste Patent), made by .Messrs. Premier Cooler 
and Ungineering Co., l.til , which is particiilarlv suitable for inlet feed water ranges, 
and fig. 103, which'is a section through a valve when in the open position, clearly 







CARE OF SUBSIDIARY PLANT 127 

shows the free passage round the valve wliich allows the water to follow a natural 
istream-line motion. , 

If the water is very bad a special filtering apjwiratus must be provided. 

Fig. 104 illustrates a Paterson air-cleaned gravity type quart/, sand filter. The 
filtering medium is a special grade quartz sand ro.sting on a substratum of pea gravel. 

. The water enters the distributing trough, passes downward through the filtering 
medium, is collected by the manifold strainer .system and flows out, as filtered 
water, through the outlet controller ^nd ins[)eetion bo.v into the receiving tank. 
When choked with intercepted impurities the filter bed is cleansed in place by 



I'lG. lO.'l.- ]>ATEH.SII\ (VU.II I'noCE-SS WATER SoKTEVEU. 


compressed .air, which thoroughly agitates the sand anil loosens (he inqiurities. 
The.se latter are floated to drain by a rcverso*eurrent of wash water. 

The water supjdied to the average industrial boiler plant is, as a rule, only 
softened. The .softening may be effected by a cold water softener. 

Fig. 106 illustrates a Paterson cold process w.ater softener, in which it will be 
seen that the hard water is continuou.sly measured by an Osilameter ” which adds 
the correct proportion of softening reagent. The treated water, after thorough 
mi,xture, enters a precipitation tank of sufficient capacity to allow time for the 
completion of the reaction and the sedimentation of the grosser impurities. The 
purification of the water is completed by upward filtration through ))reliminary and 
final wood fibre strainers. A rotating agitator facilitates the periodical discharge 
of the impurities accumulated in the reaction tank. The softening reagents are 
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prepared in tLe slaking and mixing^ tank earned over the measuring gear. The 
“ Osilametcr,” which is illustrated in lig. 100, is a twin cq-mpartment oscillating 
receiver mounted on hearings. 



OUTICTTO 

t>RCClf^tTATIONTANK| ^ 


I’lo. KHV—Paterson “ Osilametbu.” 

Each rec'civing compartment is provided with an extension lip which, when filled 
with water (a small surplus overflow from the main compartment), produces a 
powerful leverage and overturns the receiver. An arm attached to the “ Osilameter ” 
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moves an agistor in Jhe reagent storage tank, which is provided with two small cups. 
These cups, holding « definite measure of reagent, are discharged into the mixing 
box every time the hard water measuring tank is discharged. 

The reagents required will depend on the degrees of temporary and permanent 
hardness in the water. 

Temporary hardness is due to the presence of carbonates of lime and magnesia, 
held in solution by carbonic acid, whijh convert them into the soluble bicarbonates. 
^Vhen the half-combined carbonic acid gas is expelled—for instence, by boiling—these 
salts are largely precipitated. A similar effect is obtained by the addition of lime, 
which combines wth the carbonic acid, forming carbonate of lime, and precipitates 
with the carbonates originally present as bicarbonates. Chalk, when burnt, loses its' 
carbon dioxhfe and becomes lime or.,caleium oxide, which, when slaked, is converted 
into calcium hydrate, and is often used in this connection. 

Permanent hardness, due to the presence of sulphates, chlorides, and nitrates of 
lime and magne.sia, is removed by sodium carbonate, generally called soda ash, which 
converts the di.ssolved sulphates of lime and magnesia into c.arboniites*, leaving the 
.soluble and non-soalc-forming sulphate of soda. In special cases when calcium 
sulphate, chloride, or nitrate is present in chemically e(iuivalent proportion to the 
temporary hardness, caustic soda treatment must be applied. 

The chief impurities in orSinary water are calcium carbonate and magnesium 
carbonate, both of .which cause temporary hardness, and are removed by lime; and 
calcium sulphate, causing permanent hardness, which is removed by soda ash (sodium 
carbonate). 

Reference has already been made to clo.sed feed systems in which the steam is 
condensed and then pumped back into the boilers.^ Such .systems are used, as has 
already been mentioned, in connection with water-tube boilers and Scotch marine 
boilers. Two reasons have influenced their adoption with water-tube boilers. In 
the first place, the.se boilers, having a very high rate of evaporation, require feed 
water absolutely free of all scaie-forming matter, as, if any scale is allowed to form 
inside the tubes, the rate of heat transmission is reftarded, and trouble, such as burnt 
tubes, soon follows. In the second place, water-tube boilers in large electric power 
statioiLs generally supply steam to turbines, and as the efficiency of a turbine largely 
depends on the vacuum maintained by the condensing plant, it is only natural that 
the steam which has been condensed shoulcJ, as water, be pumped back into the 
boilers. 

The water which has to be added to boilers working in a closed system must, of 
course, be pure, and on shore this is ensured by passing the water through either a 
hot or a cold process water softener. On board ship such apparatus is useless, on 
account c^.the high percentage of sodium chloride in sea-water, and all “ make-up ” 
feed water, if the fresh water carried in the double bottom has been used, must be 
evaporated. An evaporator consists of a closed vessel fitted jvith et scries of steam 
coils for boiling the water contained therein. 

Fig. 107 shows a Weir patent evaporator. It will be seen that the apparatus is 
fitted with a safety-valve, blow down cock (in addition to the necessary fittings for 



130 SUPERVISION OF SI'EAM-RAISING PLANT 

f ' 

introducing the salt water to he evaporated), steam valve, gaugj? gla,ss, heating steam 
regulating valve, condensed steam ilmin, and salmometer rock. It is designed 
in sueh a manner that the co])])er cods may easdy he removed, .sealed, and put hack 
again. Calcium .sidphate deposits at a temperature of ahont 270“ h'., and an 
evaporator should always be workeil .at a ])ressure corresponding to a slightly lower 
temperature than this. This tyjie of evajiorator may be eonstrneted to use either 



l-'in. 107.- TiiK ttiiK VsKTiesi, ^',\AroK\Teit. " l,i si.m-,' Ti pf 

live steam, steam from the intermediate pressure cylinder, or exhaust steam. The 
steam from the boiling sea-water is sent into cither the main or the auxiliary 
condenser, from which it flows in the ordinary way to the feed pumps. 

Unfortunately, steam becomes contaminated uith the oil used for lubrication 
purposes, and with tiie ever-increasing temperature of (team, due to the use of 
superheaters, trouble from this cause is on the increase.^ AVhere turbines are 

* theory of Emulsions and Einitlsi/irutinn^ Jlr, \V. Clayton 
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installed there need be no trouble, because a turbine has an enclosed pressure 
lubricating system; But with reciprocating engines the problem is much more serious. 
For reciprocating engines, lubrication is necessary, and although only the best 
mineral oil must be used, and that very sparingly, a certain amount of this is intro¬ 
duced into the cylinders, and will mix with the steam. Special apparatus for dealing 
with the oil, which is in the form of very fine particles, then becomes necessary. 
The oil, which assumes the form of a very fine emulsion, must be separated from the 
condensed steam before the latter is pumped back into the boilers, because the least 
trace of oil in a water-tube boiler is more dangerous even than a bad thjckness of 
scale. The separation may be effected cither whilst tlie oil is held in suspension by 
the steiim or after the steam has been condensed, but removed the oil must be. 
Mr. C. E. Slromeyer, in a paper on “ Distortion in Boilers due to Overheating,” 
states: “ A film of grease , i',,, inch*thic,k offers resistance to the passage of heat equal 
to a steel plate 10 inches thick. In other words, grease offers a thou.sand times the 
resistance of steel to the passage of heat.” 

There arc several methods of removing tlie oil. Those employed when the steam 
has been condensed are as follows: 

(1) The condensate may be pa.s.scd through a cloth filter. In this type of fitter 
a considerable length of special filter cloth surrounds a series of perforated cylinders, 
and the feed water is forced through the towelling. The compactness of this 
apparatus has caused its general adoption on bo^'d .ship. 

(2) A chemical reagent may be used to eliminate the oil. Fig. 108 shows a . 
Paterson oil eliminator with ({uartz filter. 

The oily condensed .steam enters the measuring chamber and overflows through 
a rectangular or V-notch discharge weir. A largtifloat resting on the water in this 
weir chamber controls the position of two long tapered valves giving annular 
orifices which discharge the reagents in accurate j)roportion to thfe amount flowing 
over the weir. The reagents used are sulphate of alumina for the coagulation of the 
oily particles, and soda ash fol the neutralization of thetilumina. The greasy water 
and the reagents arc thoroughly mixed in the Wiling trough before passing into 
the reaction and precipitating tank, where the bulk of the coagulated impurities is 
arrested by filtering upwards through wood fibre, the final purification being effected 
by downward filtration through quartz sand. 

(6) Exhaust Steam Economy. -Industrial boiler plants are generally characterized 
by black smoke and volumes of escaping steam; both are unnecessary, and denote 
waste. The former should be eliminated, as already explained. The latter may be 
utilized in many ways. 

The steam could, of course, be condensed, but most plants are not fitted with a 
system if exhaust steam pipes leading to a condensing plant, because the cost of 
installation and upkeep is considered too heavy. There is no doubt whatever that 
in most cases a marked economy would be effected by condensing, and it should also 
be remembered that the wear on a madiine working in conjunction with a condenser 
is far less than when exhausting to atmosphere. 

If not condensed the steam may be collected in a receiver, de-*oiled by passing it 
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Fio. 108. —Paterson Oil Eliminator with Quartz Filter. 
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through an oil separator, and supplied to a low pressure or mixed pressure turbine. 
This plan has been adopted to a large extent by collieries, where a great quantity 
of exhaust steam is available from the winding engines, fan, air compressor, haulage 
engine, etc. The steam is passed through an oil separator. Fig. 109 shows a 
“ Premier ” oil separator with the elements partly removed. 

The internal parts consist of perforated baffle plates, and specially rolled angle. 
iroM, so arranged that the steam impinges on the sharp edges of the angles, and 
thus any oil or grease held in suspension 


is deposited on the same. The deposited 
matter finally flows down' the angles to 
the bottom of the separator, whence it is 
extracted in ‘due course. 

In cases where the quantity arid pres- 
. sure of the exhaust steam are not sufficient 
jj. to warrant the introduction of special 
^ plant, all the exhaust steam from engines, 
K pumps, and process machines, together 
Kwith (!ondensed steam from Steam traps, 
^should be collected as far as possible and 
;j(/led into a receiver or tank, sometimes 
called a hot-well. This receiver mu.st be 
fitted with a safety-val^e, air-escape, and 
cocks for filling and emptying. An old 
condemned Lancashire boiler from which 
the flues have been withdrawn, and the 
openings closed with circular plates, may 
well be used as a receiver. Cold water 
sliould enter the top and fall ^ into a 
perforated box, the arrangement being 
shown in fig. 110. 

The mixture of exhaust steam and 
condensed steam will enter in such a 
manner that the full force of the exhaust 
may strike the incoming water as it is 
split up into particles by splashing against 
the perforated baffle box. The steam will 
be able to surround the drops of water 



Fig. KHh—‘‘P hkmier” Oin Separator with 

CJOVER REMOVED AND rNTEKNAI. ELEMENTS 
PARTLY WmiDRAWr.. 


and, mbdng with them, to raise uniformly the temperature of the resulting feed 
water. rAlso the air in each globule of water, expanding more than the water, 
will burst each globule and escape as free air through the pipe provided. 

Theoretically, n safety-valve is not necessary, but th® air-escape valve may 
become choked, and in that event, though at no other time, some high-pressure steam 
is sure inadvertently to find its way into the receiver, and there will be danger of an 
explosion. The heater is only a crude piece of apparatus, but it’serves the purpose 
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of hiniiiij' the heat in exhaust steam to good account, and (y>sts very little, as it 
can be made by the repair shoj) staff. If the exhaust steam crmtains a considerable 
]>erceiitage of oil it is advisable to combine the duties of water softener and feed 
water heater by installing some type of hot process softener. 

Fig. Ill illustrates a Paterson hot jirocess water softener. When the steam is 
.sufficient to heat the water to boihiig-iiomt, this process will automatically solve the, 
problem of temporary hardne.ss, and only the |♦ernlallent hardness in'cd be considered. 
There is seldom sufficient steam for this, and chemicals must therefore be added, as 
with the cold water softener alreaily de.scribed. 

The iniiiortance of eliminating all the air Irom teed water before it is pumped into 
the boilers cannot be eniplia.sizcil too stroiiglv, and this is especially necessary with 
boilers worked on a clo.sed sistein that is, sujiplicd with condensisl steam. .\s has 
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alreadv been mentioned, marine boiler^s and water-tiiRe boilcr.s work on a closed 
system, and where they are used it is essential that I he air be liberated The Weir 
patent contact feed water heater illustrated m tig 112 is the standard ap|)aratus 
used on board ship to heat the feed water and eliminate the air. 

The steam used tor heating ^hc water is generallv taken troin the steam reci'i\er 
on the medium pre.ssure cylinder, and the water is discharged into the heater under 
pressure by the feed pumps worked by the engines. The air escapes tliroiigli a 
•small cock, which can be adjusted so as to be open either to the atmosphere or to the 
condenser. When the,cock is open to the condenser the pressure in the heater is 
reduced and, as the boiling-point of water varies with the iiressure, the temperature 
of the water for a given sujiply of .steam will be higher than when the cock is open 
to the ntmosplieret 
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The heater is placed as high as possible in the engine-room, so that a head of 
water of 30 feet or more is obtained above the pumps. This, of course, has the 



Fio. 111. —Patbhson Hot Pbocess Water Soitknkb (snovAso HeIter Type). 

opposite effect to that already stated, and the increased pressure raises the boiling- 
point^so that J;he pumps will work smoothly and not commence knocking, due to the 
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ormatidii of afcani in tlio puTup barrels, anil feed water at a temiierature of 
20’ may be delivered to the boilers for weeks on end. 

' With nator-tube boilers on shore tlie very latest practice is to work on similar 
ines to those adopted nitli Scotch marine boilers at sea and to use the heat in the 
Ine gases for beating the air nece.ssarv for combustion. This course is being 
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snggested on account of the very high pressure tor which these boilers are designed, 
and although at present cast-iron tri-tube economizers, as already described, arc quite 
safe and the steel'tube economizer will, as far as strength is concerned, meet all the 
requirements of developments in the immeihate future, there are boilers under 
construction, and working as experimental units in very small sizes, generating 
oe<.or>i nt nbniit a tllou.sand pounds per square inch. 
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In any case it \uill be necessary to de-aerato the water, whether it is pumped 
straight into the boilers or passed through steel tube economizers. Otherwise the 
nascent oxygen liberated from the feed water will cause serious corrosion. Corrosion 
when once set up quickly cats away the tubes and also the tube headers, rendering 
very expensive replacements necessary. From the foregoing it will be gathered 
that a plant which will successfully de-aerate feed water and prevent corro.sion trouble 
is a necessity where steel tube economizers are used. If the Weir system is not 
adapted for use on shore, other arrangements must be made. 

Fig. 113 shows Messrs. Hick Hargreaves’ patent de-aerator. 

This apparatus can be applied to existing plants, and consists of a de-aerating 
chamber, air ejector, and feed heater. The operation of the de-aerator is as follows: 

• i 



Fia. 113.—UicK Hakobeaves De-Aekatiso Feast for Feed Water. 


Water is forced by atmospheric pressure frem the hot-well into the de-aerator. On 
its way it is heated to a suitable temperature by the steam discharged from the air 
ejector, mixed with steam from auxiliaries about the plant, or bleeding steam, as 
may be found necessary. The water is gprayed in the de-aerator by means of 
specially designed jets which break it up into fine particles, thus liberating the air 
and enabling it to be extracted by the ejector. The de-aerated water falls to the 
bottom hf the vessel, whence it flows to the inlet side of the pump. 

In the ordinary industrial boiler plant live steam should never be used for heating 
feed water, because there are plenty of other and more cconofhical methods of 
achieving this purpose. • 

‘ In some special cases it is advisable to use a surface feed water heater for raising 
the temperatuje of the feed water. Surface feed water heaters are very aimilay to 
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ajirface. comlonsers. They consist of a series of tubes secureij between two tube 
plates. Tlie steam generally passes through the tubes and flu' feed water to be 

heated around tlu'm. The arrange¬ 
ment varies according to whether 
high-pressure or lo«-j)re.ssure steam 
is used. Surface feed heatens possess 
'two advantages the first is that the 
steam, together with the water that 
is formed bv condensation, is kept 
sejiarate from the w.iter to be heated, 
and the second is that tli<‘ teed Vater 
temperature mav be aceliratelv regu- 
hitl'd without anv waste of heat. 
K.xhaiist steam eontaiiimg a con¬ 
siderable amount of oil or other im- 
puritv, if coming from s)ieeial high- 
pre.ssiire (iroee.ss maehmerv, may be 
used willioiit le.ir of eoiitaminatmg 
the waller being heated A special 
tvpe ot heater lor ii.se on shore is 
made by .Messis. llovles. and is 
known as the' l!ow ])atellt feed water 
hi'aler, due to the particular sha|)e of 
the tubes n.sed in its eoiislriietion. 

In the tvpe shown in fig. 11 I the 
water pii.sses through the tubes, but 
a second tvpe is ,ilso made in wlneb 
the steam passes through the tubes. 
Tlie liist tvpe IS designed lor use 
where evh.inst si earn is to be utilized, 
whilst the second is .suitable for high- 
piisssiire steam. Space does not 
permit of a detaileil description of 
feed water treating plant, and the 
methods adopted m utilizing exli.nist 
steam, but the engineer-chemist must be conversant with the few details here 
given in order to siipplv the boilers with suitable feed water and, incidentally, to 
ii.se all the e.xhaust steam that mav be available for the service of his department 

I ‘ ‘ t 
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PIPE SYSTEM 

(a) Steam Pipe.*.—Once a steam pipe system has been installed it is apt to be 
forgotten, and yet any failure, such as a burst pipe or cracked flange, will cause 
considerable inconvenience, and may result in loss of life. In view of the high 
pressures at which modern boiler'plants are worked, and the high temperature due 
to superlieating, steam pipes can no longer be trusted to take care of themselves. 

A steam pipe, as supplied by the leading makers of repute, is ai^ article which 
ranks with the finest machinery made. The steel must possess special (jualities, 
and the workmanship mu.st be beyond reproach. 

The pipe itself is therefore wirthy of care. 

Those who have been iptimatcly associated 
with steam at a pressure of 21.5 pounds per square 
inch, e.scaping at 180° F., will know that 
■prevention is belter than cure. A mistake very 
often made is to force a pipe into position in 
order to make the flanges meet. The conditions 
under which a steam pipe works arc quite 
sufficiently severe without the addition of any 
unnecessary stresses. Pipes should always be 
lined up carefully, and not ercctc(l by supporting 
them “ anyhow,” inserting the bolts in all the 
flanges and then tightening the nuts when all 
the pipes have been connected, in order to “ draw 
them up.” If the joints do not leak*whcn steam 
is turned on, it is more good luck tha’i good 
management in such cases. 

A fault with many pipe systems is that they 
are far tpo rigid, no allowance having been made 
for expansion. In order to allow for the free ' 
movement of pipes, expansion bends should be Fia. n.5.- KxrAssros Bbkds. 
inserted; the type of bend adopted depending on 

the space available and size of the pipe. Fig. 116 illustrates various kinds of 
expansion bend. • ' 

In special cases it is advisable to tfdopt a diaphragm as shown in fig. 116, or an 
expansion gland as illustrated by fig. 117. 

When reading official accounts of enquiries held to ascertain *the causes of pipe 
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or stoj)-valve failures the writer has hceii imj)ressed by the iiu^iher of instances in 
wliich the liistory of the pipe or valve is not known. A reeofd should* be kept of 



the history of all the imporlaut steam i>ipes. including the name of the maker, the 
pressure and the date at whieh they were testisl, particulars e)f their size, ])revious 



trouble experienced with them, and any other data worthy of note, A complete set of 
drawings showing every steam pipe should be kept in the engineer-chemist’s office. 
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On a large plant it is almost impossible for a single individual to know by heart 
where every pipe l^ds and its particular function, and yet in case of emergency 
such information is required at a moment’s notice. If the works, are not to be 
stopped, some alternative to the usual 
method of supplying steam may have to 
be found, and a thorough knowledge of the 
plant, together with the assistance of an 
up-to-date set of drawings of the whole pipe 
range, will reduce the delay to a minimum. 

Oftentimes, if you ask an employee who 
has been with a firm a number of years 
where a certain pipe leads, he either “ does 
not know ” or makes a guess which is wrong. 

Especially in old plants, where the size of 
the boiler plant has been increased from 
time to time, the steam-pipe system is very 
complicated. Dips and bends are often 
more numerous than the lengths of straight 
pipe. Condensed steam will collect in all 
•such pockets, and every encouragement for 
water hammer exists. 

Fig. 120 shows hOw condensed steam 
collects in a valve. 

It may safely be said that water hammer 
has caused more fatal accidents than any¬ 
thing else, not excluding boiler explosions. Drain pipes should be fitted wherever 
necessary, but this method of overcoming the difficulty is only a makeshift. Power 
plants should be so designed that steam cannot accumulate in the pipes. In any 

case, all "the drain pipes should be 
collected and led back to the hot-well. 
Every time a drain ■ is opened a 
large quantity of water, generally 
good hot water, is wasted, which 
means so much fuel, literally thrown 
away. In an old plant a slight 
reorganization of the pipe system 
will -soon pay for itself, and new 
plants are theoretically correct. 






Fro. 119. —Pipe Suppokt. 



Fiq. 120.- 


-Fobmation op Comhenses Steam is i 
Pipe Link. 


Fig.a21 shows the necessity of fitting a drain cock at A, and fig. 122 shows 
the effect of condensed steam in reducing pipe area when coupling a boiler stop- 
valve with the main steam range in the manner shown. AH stsam-pipe systems 
should be fitted with steam-trops and-safety-valves kept in good working order, the 
number depending on the length and complexity of the pipe range. It is not safe 
'to rely on the boiler safety-valve alone. A simple calculation will show the kinetic 
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energy a pound of water possesses when travelliTig at the velocity of steam rushing N 
into an empty ])ipe. ‘ 



Kmally, there is tin; question of the efiicient eovei ing ot all sleain au<l hot-water 
j)ipes. It is not yet aufiieientlv realized how enormous i-. the waste when steam 
pipes are not efficiently lagged. The lagging of ))ipes piav he good, had. and indif¬ 
ferent. There is only one. quality that is worth puiehasmg. and that is the best 



t'si 12:1.^—COMPAHTSON OF nlFFEKKNT Issl I.AT1N0 .MaTESIAI.S. 


Fig. 123 shows the insulating properties of seyeral substances. Pipes are often 
lagged with inferior compositions of which it can only be said that they hide the 
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pipes from view. Poor lagging does not bind with the metal; and moisture creeps 
underneath and commences corrosion, which goes on unseen and therefore unsus- 
pected.i When the lagging becomes saturated it falls off in large lumps. Pipes 
must be lagged with a composition containing at least 85 per cent, ma g nesia. The 
methods adopted when covering pipes are dealt with in the second part of the book 
(Chapter XXIII.). 

(6) Water Pipes.—The water pipes, with the exception of the feed and blow 
down range, need not be so great a source of anxiety as the steam pipes. In the 
case of steam pipes the trouble may be instantaneous, due to a slight disturbance in 
a pipe already overstressed. The material will give very little warning in’the way 
of steam leaks, “ blow holes,” etc., before the accident happens. With water pipes 
it is different^ because the metal before it fails has generally suffered a preliminary 
weakening due to corrosion, and symptoms of this can be discovered beforehand. 

If pipes are carefully examined at regular intervals, or whenever an opportunity 
presents itself, they will give little trouble. 

The blow-down pipe system requires special attention. Often the connection 
between the boiler and the pipe range is far too rigid. This is especially the case 
with Lancashire boilers, it being the common practice to connect each boiler, by 
mean of a ca.st-iron elbow pipe and a parallel slide blow-down valve, to the blow-down 
range running parallel with the front of the boilers. Since the boilers are fixed 
rigidly, it follows that the expansion which takes idace in the blow-down pipe tends 
to push the main ]npc away from the boilers. This pipe is, however, held rigidly 
in place by the elbows from neighbouring boilers, generally spaced about 14 feet 
centres, and in addition it is often surrounded with ashes and dirt which have set 
hard, so that it is little wondei trouble is experienced. The blow-down pipe should 
be of cast steel specially treated to resist the very abrasive action of water laden 
with sedimSnt which rapidly wears the pipe away. It must be perfectly clean out¬ 
side, with special packing if it passes through the front of the boiler setting. Modern 
practice is to recess the brickwork so that the pipe is coistinually free for inspection. 

Wherever possible a suitable bend or expansion pipe shoidd be inserted between 
the blow-down cock and the main pipe line. Where a blow-down nock is fitted 
—a valve is better—the operating handle must have a small projection on one side, 
and the cover of the cock must have a special guard attached so that the handle 
can only be withdrawn when the cock is shut. 

Of equal importance is the feed-pipe system. In very few cases on shore are 
there two distinct systems of feeding the boilers, although on some of the older 
plants several pumps are to be found which would serve very well as "a stand-by 
if overhauled, and a secondary pipe line could easily be provided. The value of 
two ind^endent ranges can hardly be overestimated in view of the fact that unless 
a boiler is being constantly supplied with water it has to be stopped. 

The most important matter in connection with the safe working of the pumps 
is that the feed range should be supplied with a well-designed spring-loaded relief 
valve. 

* Report on Insulating Materials, Engineers Standards Comhiittee. 
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Fig. 12‘1 shows a relief valve, through which, in the event of all the feed check 
valves being shut, the water will be able to escape. On a fgif^y large boiler jilant, 
where several firemen work on each shift, it may happen that all the valves but 
one may be closed, and that one may only be partially open, and the pumps may 
not have been slowed down. The result will probably be that several joints will 
give w'ay under cxcea.sive pressure, making unnecessary work. The relief valve 
should not be plaeed in some out-of-the-wayiposition where it is IJiely to become 
mated and so to fail to lift when it should. It should be fixed in a |)osition that is 
constantly under observation. If it commences to lift when in such a jiositioii, 
someone will jirobably get wet, and run round to slow down the pumps. 

.Although this means a wa.sle of water, it is better not to fit the s4>fety-valvo with 
a cover and outlet bram h connected with a pipe to the hot-well, liecau.st'm tliat case 
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firemen will not notice when it is lifting. . Kscaping steam presents a difi’erent 
problem, because there is always the lujiae, which givcs’.sufficieiit warning. 

All feed pipes should be well lagged in order to minimize the drop in temperature 
which occurs whilst the water is pa.ssing from the economizer or feed-heating plant 
to the boiler. In order that the temperature of feed water passing through the pipes 
from one apparatus to another may be ascertained, a suitable thermometer must be 
provided in the pipe line. The thermometer pockets should be of stout construction 
and dip well into the pipe to make sure that the thermometer itself is in tile centre 
of the flow of water. 

Fig. 126 shows such a thermometer pocket. 

Feed pipes often become coated with scale to such an extent that the actual 
passage through the pipe is very small coihpared with the original internal area. 
^Vhenever an opportunity occurs feed pipes must be taken down and thoroughly 
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cleared. Wliere there are two independent ranges, this presents no difficulty, and 
the work can be untJbrtaken in sections whenever a boiler is “ off ” for cleaning. 

It is safer to insert blind flanges than to trust to the tightness of valves. Many 
accidents have happened through someone opening a feed check valve when men 
were at work in the boiler. The least the engineer-chemist can do is to remove the 
hand wheel and send it to the store for safe-keeping until the boiler is ready for 
work once more. < 

On many old plants a very complicated system of fee<l pipes exists, and with a 
little alteration two independent ranges can be made. (Vllicries, in particular where 
large quantities of water are pumped out of the mine, have this rh.aracteristic. 

The water from the mine is often .salt, and almost invariably brackish, and if 
discharged atf random often returns to the source from which the boiler feed water 
is taken, causing no end of troubler In some cases an emergency connection exists 
between the feed-pipe range and the discharge pipe from the pit pumps. In such 
cases a blind flange must for safety be inserted in front of the valve, because in time 
all valves corrode and commence leaking. 

A small hot-water pipe, taken from the feed-heating plant or other exhaust 
steam tank, sometimes supplies water to such a department as the bottle-cleaning 
department. The amount of water so supplied mu.st be controlled by the engineer- 
chemist, because otherwise a wholesale waste of good warm water will take place, and 
heat will be lost which might have helped to iarrease the efficiency of the boiler • 
department. • 

In a large installation steam may be supplied to speci.al water-heating plant, and 
in that case the matter will probably not concern the engineer-chemist, because his 
department will not be responsible for the use of the steam once it has left the boiler 
house. 

In many*cases small steam or hot-water pipes have been erected to meet special 
requirements—particularly since 1914. When the.se requirements had no longer 
to be considered, the pipe line Was nol removed and, becoming corroded, it commenced 
to leak. Although the range is nominally (jjit of use, a small trickle of hot water 
goes on unknown, and therefore unchecked, from one month to another. On a 
properly organized plant no leaks of ;yiy description will be permitted, and only 
unavoidable lo.sses will be incurred. 
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CIIAriJili XII 

UOUTINK OF BOILER-HOUSE STAFF 

(«) yUcd Timc-Tubh. —The routine of working a boiler plant is cW the greatest 
importance, and surprisingly great iniproveni(?nt can be effected with no other 
change than the institution of an organized sj’steni of working in a plant iiliich has 
hitherto failed to cope with the demands made iijion it for steam production. Most 
industrial boiler plants suffer from lack of seientilic control, for the reason that very 
little c-xeciitive attention is devoted to this department of a faetory. The manager 
may pay the boiler bouse an occasional visit, if he liaiipens to be anvivhere near, 
but that is of no use whatever. ^ 

One of the chief liiiietions ol the engiiieer-ehennst is to iii.stitiite a fi.xed program 
and to sec that the men adhere stfit tly to Ins iii.striietions.' It is miiiiaterial whether 
the plant be small or large, a fi.ved time-table is absoliftely iK'ce.ssary to obtain 
economical results. The engmeer-eheniist must organize the work to be done in his 
department, and not allow the correct winking to be dependent on the goodwill and 
exertions of the nieehanic or leading fiieman .Vniongst liis duties the eiigineer- 
chcmist must include the siijiervisioii ot firing the boilers, whether tins be done by 
hand or mechanical means, the eorreet adjustment of siijaTlieaters and econoniizers, 
regulation of draught, and the supply and iijjisiimjitioii of suitably treated feed 
water. He must -so organize the haiidimg of fuel that none whatsoeier will be burnt 
without being recorded, and he must uujiermtend the disposal ot ashes. 

Further, he must supervi.se the testing ot fuel, water, and all eonsumable stores, 
and be responsible for the concct working of all insf ruments. He must undertake 
such tests in connection with the wlgile jilant or its constituent parts as he may 
think necessary, and miisf effect all po.s.sihle economies. He inii.st keeji strict 
record of every item in connection with his department—wages, renewals, consiimable 
and non-consumable stores, etc. He must pay strict attention to the time-keeping 
of his staff, and interest hiifiself in the latest scientific developments in s^eam 
production, so that when any reorganization or renewal of the plant is under 
consideration, he may be in a position to give the directors any information they 
may desire. In short, his duty is to nin the department m such a manner that the 
closest investigation will disclose no serious defects. 

The aim of the engineer-chemist ls to supply steam at the factory stop-valve, 

‘ The Philosophy of Mamgem^i O. Sheldon. 
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which shall always b^up to the required standard, of constant pressure, and, if super¬ 
heaters are fitted to the boilers, of constant temperature also. In making a fixed 
time-table for the boiler-house staff he must have regard to the loads which he will 
be called upon to carry. In a boiler plant which works under a steady load, such as 
that on a ship during a long journey with steady weather, or in a factory in which the 
demand for steam is practically constant from day to day, the matter is quite simple. 
The men will work in shifts (called “ Vatches ” on board ship), and the routine will 
go on undisturbed, with the exception, in the case of the factory, of the week-end. 

Comparatively few’boiler plants on shore work under such conditions, and a 
fluctuating load is the general rule. The fluctuation may only be slight, as in an 
average cotton mill, but in many cases it will 
be more proflounced. The boiler house of an 
electricity station is a good examplfe of fluctua¬ 
tion due to the necessity of carrying peak loads 
at special times of the day. 

Fig.-126 shows the load for one year on a 
boiler plant serving an electric power station 
in a residential area. A power station serving 
electric railways will have a hjavy load diuing 
the rush hours, when largo numbers of pas¬ 
sengers have to be transported. Very severe 
conditions prevail in ‘breweries, where the 
demand for steam is quite small until the 
large mash pans, holding hundreds of gallons 
of cold water, have rapidly to be brought 
to the boil. 

The engineer-chemist will study the requirements of the factory very carefully, 
and according to the demand for stgam draw up a suitable time-table for the boiler- 
house staff, taking care that it shall be adaptable to the changing conditions likely 
to be experienced. • 

Fig. 127 shows the fluctuating load on the power station of a largfe works on a 
day in June, and fig. 128 shows similarifluctuations, but with a higher load, being a 
record of the same power station on a Deccqiber day. 

Conditions vary greatly from industry to industry. Most factories work only 
during the day-time, from six or seven o’clock in the morning until five or six at 
night. During this period there may be two shifts of firemen at work, the change¬ 
over occurring about midday. Such cases presenlf no particular difficulty. In 
some factories there is a very heavy load all the morning, and scarcely any load 
from midSay onwards. This happens where the morning is devoted to boiling some 
substance, and in the afternoon the apparatus is cleaned for the next day’s work. 
Under such conditions it may be advisable to make the morning shift a short one, 
so that the boilers may be worked with*equal intensity and vigour during the entire 
period of maximum load. The second shift in such a case would toke the tail end 
of the load, and more or less “ stand by ” in the afternoon. 


Dec. 



Fia. 126 .—Load fob onf. Ykab os Boileb 

PI.AST ATTACHED TO AS ElKOTBIC 
PowEB Station. 
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Firemen at edlliories always work in shifts, because this ^ts m witJi tlie whole 
system. The morning is generally devoted (o drawing coal, and is therefore the 



heavie.st shift ol the three. It lasts from li a m till 2 p m The afternoon shilt is 
from 2 p.ni. till 10 p.m , and is devoted to drauiiig anv remaining eoal. sending down 
supplies of )nt ]irops and stores in general, in additiod to running the large pumping 



engines. The night shift from 10 p.m. till 6 a.m. is generally coal eutting aiidj 
hauling the tubs in the pit. The air compressor, haulage engine, and, of course, thi 
ever-running verfiilation fan, make up the load, which is the second licaviest. This 
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routine is not universal in collieries, but it will serve to indicate tlie conditions to 
which an engineer-chemist must adapt himself in the mining industry. 

Electric power stations present yet anotlier problem, but as the boilers in modern 
stations are generally fired by mechanical stokers the case is somewhat simplified. 
The load may be steady if the station supplies electrical energy to a manufacturing 
area, in which case it will be a day load with variations at mealtimes. If the 
station serves a business centre or residential area with electric light, the engineer- 
chemist must be ready for the emergency of a 400 per cent, or more increase in load 
in a few minutes, due to sudden fog, prolonged rainstorm, or other disturbance. 

Whatever the requirements, the engineer-chemist must give them most thorough 
study before arranging the routine of his department. Under no circumstances must 
he issue a loftg list of instructions, drawn up in a haphazard fashion, and requiring 
to be altered a short time afterwards. Such a procedure simply gives the men the 
impre.ssion that he is not sure of his work, and prodtices a lack of confidence in liLs 
leadership, which is fatal. A carefully arranged Time-table s])ccially suited to the 
particular requirements of the works, with small modifications when they are 
obviously needed to meet some new conditions, will produce good results. 

A feature of the time-table must be great flexibility. This is especially necessary 
when several boilers of dilTerent pressure are"at work on the same plant. 

Preparing a definite routine for the part of his stall which is not, engaged on 
boiler-room tasks will be comparatively easy. -The laboratory staff, for instance, 
may devote the morning to testing the fuel and water supplies of the jirevious day, 
leaving the afternoon free for other work such as testitig the (piality of consumable 
stores or undertaking other research work. The remainder of the staff will be 
engaged on fuel handling, ash removal, attending to jnimps, and other miscellaneous 
duties. The store and r(!c,ords office, as \v(!ll as the repair shop, will work according 
to a fixed jTrogramnie, which will be discussed later. 

Although the engineer-chemist must work the boiler house an<l ev('rything in 
connection with it as a separate productive dc])artment, quite independent of the 
rest of the factory, he must, of c'ourse, keejuin cTosc touch with the requirements of 
the factory and co-operate with the other officials in eveiy manner possible, .so that 
the general efficiency of the factory igay be increased. 

(6) Special Time-Table.—A few cxamplw^ of the various types of load which the 
engineer-chemist may be called upon to meet have been described, and it has also 
been said that the fixed time-table he will draw up to suit the particular require¬ 
ments of the case must be sufficiently flexible to meet special occa.sions. Such 
special occasions arise when a boiler that lifts been ejeaned is again put ih operation, 
or one that is due for cleaning is “ taken off.” Or some special process work may 
have tote undertaken in the factory, for which an extra supply of steam is required. 
WTiatever the special occasion may be, he must be ready for it and in a po.sition to 
maintain the steam pressure. Very sudden heavy loads in electric power stations are 
experienced from other causes than those already described. For example, partial 
failure of a power station may occur during the peak load, and a neighbouring 
station may be asked to take over part of the load in addition fJo its own. 
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Tlic enginecr-choinist will be consiflcrably hplj)e(l in preparing a fixed time¬ 
table which is capable of being readily converted into a special time-table, by making 
an absolutely thorough examination of the steam-pipe system. In old establi.sh- 
ments the pipe ay.stcm is generally very complieated and little understoml even by 
old employees. A careful study, however, may reveal jiassibilities of great flexi¬ 
bility III the arrangement. One or more boilers may be able to supply steam direct 
to certain department.s in the event of spccntl need, and a simple manipulation of 
the correct valves may enable the whole factory to “ carry on ’’ comfortably under 
conditions of unusual stress. 

On board ship all the importaul ranges are in duplicate, according to Board of 
Trade and underwriters’ reipiiremenfs. These apjify to the main steam-]>ipc range, 
the auxiliary .steam-|)i)te s\stem. and the feed water pipe, layout, ex’cept that, m 
the bust ca.se, in addition to a mam range and a*donkey range, as it is called, each 
of the pipe systiuiis can discharge to, and be siipgilied by, several ranges of giigics 
iihich interconnect No such nlles are in force on .shore, altliougli they are very 
necessary, biit in nuiiiv cases a system of giijics iihich has been built up over a perioil 
of years can, uith a littli' scheming and alteralion, be adajifed in rc.idiiic.ss for 
jiossilile emergencies. 

Too much leliaiice is frei(uentlv |)lai-ed on the tact that the plant has worked in 
a certain manner for years, and the assumption is made that it will very kiiiillv 
continue to do .so On no account'must the engineer cheiiiist ]io,s.se.s.s a nature which 
" hogies for the be.st.” anil therefore tempts hiiii to take rtsks or allow matters to 
slide. Such an attitude is alisoliitciv fatal when dealing with sleam-raismg plant. 
A firm ileternimation to ha\e cicrvthmg right .mil to sis' things through to the 
bitter end is the only policy that will bung success. The engmisT-chcmist must 
always remember that hi- is not there to jiiil thtuqn nijlit irlicii lliri/ Ikiiv icroiiq, 
blit to /ireiviit thnu finiii </iiiiit/ iniini/. 

It Ls the rule rather than the e\cc)itioii to find a jihmt wliiili is ’■ undeiniaiiaged,'’ 
and therefore engaged m one lo'ig struggle for .steam. This condition may be, to a 
large extent. ex|)lamed bv lai k oT prtijicr aiipervi.sion when boilers are in.stalled, 
but the situation is made worse bv an almost entire ahsence of scientific control. 
Firemen are left “on their own," whether, they realiv know their job or only 
pietend to and .such repairs and cleaniiig as m.iv be iieccssarv are imdertaken when 
conditions have become .so bad that a complete stojijiage is iieces.sary. 

By instituting some system of scientific control and iiuikmg a few minor structural 
alterations to the layout, most of the boiler plants in Great Britain could be worked 
with comparative ease to supply the necessary steam, and leave siillicieiit miygiii 
for reserve jiower to allow a boiler at a time to be " laid off ” for cleaning. Wlieii 
once, properly organized, a power jilant can always be kept at maxiiiiumi working 
efficiency, but when cleaning and repairs are only undertaken at certain times of the 
year, during the rccogr\ized holidays, it is practically impo.ssiblc to obtain a uniform 
efficiency throughout the, year. » 

(e) Emerqeticy Time-Table.—It lia.s already been pointed out that the fixed time¬ 
table should be Of such a nature that it may easily be converted into a special 
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time-table in the event of some special demand arising. In exactly the same way 
it must be possible adapt the special time-table to emergency requirements. 

Emergency requirements are those for which no preparations can be made 
beforehand, but a definite plan of action may be worked out to facilitate the speedy 
and efficient conduct of whatever operations may be necessary to meet a crisis. 

A broken gauge glass presents no special difficulty unless a water-tube boiler is 
being forced, but in that event it will be advisable to call for assistance in order 
that the replacement may be effected with the greatest possible speed. Sometimes 
an obstacle presents itself, such as packing which has become very hard and refu.ses 
to come out, or a glass broken off very low in the bottom nut and hard to get hold 
of, and special precautions must then be taken. These, however, will only consist in 
opening the <eed check to its fullest extent and easing down the fires, so that the 
boiler pressure may drop slightly and the feed pump accordingly supply this boiler 
in preference to any other at a higher pressure. If the boiler is fitted with a set of 
try cocks (compulsory in the case of marine boilets), thc.se will give a fairly correct 
indication of the water level. 

Fusible plugs arc fitted in the crown of Lancashire boiler furnaces over the back 
end of the grate. If one of .these melts, the water in the boiler is forced out under 
steam pressure, and extinguishes the fire. In such a case the feed check valve should 
be opened full to make up for ^lie loss of water in the boiler, the fire should be speedily 
withdrawn, and the check valve should then be shut to avoid wasting feed water. 
The duration of the rejfeir work depends on the temperature under which it has to 
be effected and the obstinacy of the job. 

In the case of a tube burning out in a water-tube boiler or of a collapse of fire¬ 
brick arches, the forced and induced draught fans must be stopped, the fire must be 
immediately regulated to a minimum, or extinguished in the case of a fallen arch. 
Where a tube has burnt out, a constant supply of water must be admitted to the 
boiler until the fire has either been extinguished by the escaping water or withdrawn 
altogether. The fans must be stopped immediately the check valve has received 
attention. As soon as possible the check v^lve*must be shut to avoid flooding the 
ash hoppers. If mechanical stokers are installed, the fuel supply will be shut off, 
and the grate advanced to maximuqit speed, so that the remaining fuel may be 
carried over the back dumping bars. A steady current of cold air should be allowed 
to enter through the fan inlet. This, although not good for the boiler, will at least 
absorb some of the latent heat in the brickwork, and minimize further damage to 
the steel structure. 

Only the very commonest occurrence^ have been cited as illustrations. The 
number of mishaps from which a boiler plant may suffer is, of course, legion, and 
the con^ilation of a catalogue of them for the present work is out of the question. 
In all cases as soon as measures have been taken to prevent any further damage, the 
engineer-chemist must make arrangements to replace the ipjured. steaming unit as 
far as possible. This may be done by increasing the load on the other boilers beyond 
what is advisable for continual working, or the most important departments only 
may be supplied, minor demands being refused until repairs have been effected. 
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Tlic former coiirsp is praoticaMc only if flic ctiftinpcr-clicmist- keeps Ins ])laiif in 
first-elass condition, tlie latter is depemlent on the lavont of tlie steam-jiipe 
arranoi'inent. This is, howe\er. a snitahle point at whuli to enijihasize oiiee more 
that every engineer eheniist must he thoroughly familiar nitli his plant down to the 
smallest detail, so that when the oeeasion arises he may give his instinetions cpiiekly, 
yet without any sign of panie, Sneh rleeisive aelion will eommanil the respect of 
all employees, and he can he sure that his inStiiictioiis will he earuied out Iiy the 
men to the best of their ability 

Some accidents cannot he loreseen, hut lhe.se are leallv \erv lew. Ity lar the 
greater niimher ol stoppages aie line to some failure which periodical insjieetion and 
a little eoniinoii-sense would have pre\enled Kllii leiil opei.ition. Imwever. eannol 
he .secured without a eonsidei.ihle evpenditnre ol tune and inoinw. \thieh a \erv 
large nuinlier of plant-|)ower owneis ha\i‘ vel to learn is line economy. Nohodv 
advocates iinnecessarv woik. hut woik which iontrihiiles to the ellieient ])erfoim- 
aiiee of a jiower plant and ensures the s,ilet\ ol manv lives in ils \iciiiitv Is not 
iinneees.sary. allhoiigli il ina\ he iindi'itakeii at a I mu' when some men would he 
inelini'd to “ put it oil’ a liHle longei 

(d) Iltiiirn Ilf Wall,1111/ \ hriel iiidii.ition how t,he lionis aaiv in dilTeienI 

industries has aheadv heeii gnen. aiid the hoilei'dioii.se stall must he woiked 
accordingly There are. howe\ei, spei lal items lo he wati lied, and one ol the most 
important is in conneclion with hand-liied hoileis In an oidinaiv l.iclorv Ihe 
engineer-cliemi.s| will know when to c\pei I e\li,i he.iw litads, and nni.sl ariaiige 
matters .so that Ihe hoileis will stmt with m.iMimini picssiiie .ind h.ive nae hiighi 
fires on the giates II this mallei is left lo Ihe liiemen. wilhoni piopei snpen ision, 
they will verv inohahlv commence cleaning lues loo kite .so th.il not oiilv will the 
Jiiesstiie he low pist when steam is neidcd. hnl the liies will not lia\e leianeied 
snflicienllv lo consume huge c|n.intities o| Inel with am i.ipidilv II Is possible, 
also, lo make the mist.ike ol cleaning liies loo soon m whiih case Ihev will ha\e 
heeotiie dirtv again when the (latical |ieiiod mines !''omellines, again, il is \eiv 
dlllieiilt lo a 1 range the i leaning ol hies i>ii as lo suit the reiniirelneiils ol the facton, 
and lo avoid dashing with Ihe change ol sliilts, oi with meal honis 

Kactories generally woik lecogmzed holies dming the dmliine, and the hoilei- 
hoiise staff, firemen, ash wheeleis, fimimeis. and |iimipmen will work light thioiigh, 
oh.serving Ihe .same meal hours as the leinaming em|ilovee.s II the woik is \erv 
Jieavv the firemen may work in two shills ol e(|iial length, oi the dnision may he 
made as already exiilained on p 1 - 17 , the morning and afleinoon shifts changing 
about alterilate weeks If the ini-n me'on lived weekiv pav this will he a matter 
of .secondary imjiortance. 

It .should always he remembered that even hoileis fitted with mechanicaC .stokers 
reipiire firemen to regulate the meehamcal stoker, to shovel hack riddliiigs, and to 
give a little personal att/mtion to the front part of the grate by judiciously ajijilying 
a rake. AVorkmg m shifts is the easiest system, because no account i.s taken of 
meals or other breaks, and the first duty of the new shift is to clean fires and give 
the boilers such fftteiition as will en.sure their satisfactory working daring the 
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remainder of the shift. In some cases only day and night shifts are run, but these 
cases are few and o^ no great importance. The average factory lias one fireman 
on night shift, or in small plants the night watchman is expected to include the 
boiler house in his round. This latter practice involves considerable risk. If the 
night watchman knows something about boilers there may be little objection, but 
generally he does not possess this knowledge. Numerous accidents have resulted 
from his incompetence to deal with even small matters, although for this he is hardly 
to blame, being a watchman and not a boiler attendant. 

In boiler plants which are worked in shifts, such as collieries, the duration of 
each shift is eight hours, and the men change about from one week fo the otlier. 
The class of men on each shift will depend on the load, and the reejuirements of the 
plant to whiefh the steam is supplied. If the load is heavy there will be no difference 
between the shifts, but if the diitifis are light certain boilers only will be worked at 
full power, and the others “ banked down.” This is more economical than working 
all the boilers at reduced output. The number of itJen Te<piired will var;^ accordingly. 

In most cases only the firemen, ash wheelers, and pump men will be on shift, and 
the remainder of the boiler department staff, such as the technical staff, workshop 
staff, and members of the store and records office, together with other miscellaneous 
labour, will be day workers. ^ 

(c) Duties. —So far, the executive control of the boiler-house staff has been 
considered, but nothing has been said about the types of men employed or their 
duties. • 

The duties of the' firemen are to work the boilers .according to the instructions 
of the engineer-chemist in such a manner that the, pressure remains constant, and, 
if su]ierhcaters are fitted, the temperaturi' also. In order to work efficiently all the 
men on duty must obey the filers of a senior, who is generally the lea<ling fireman, 
altliough in some eases it is the pump attendatit, csj)ecially it the latttu' be a 
recognized mech.anie. Assuming the leading fireman to be in charge, he will give 
his orders according to the instructions of the engineer-chemist, and such orders 
will (.‘hiefly be, in connection with the boilei>house, itself. He is responsible for the 
routine in which the boilers arc fired, and also the order in which the furnaces are 
cleaned. He must say when cleaning hres is to commence, in order to pr<!vent two 
boilers being under treatment at the sanje time. This last is very important, 
because most firemen like to rush the somewhat unpleasant task, and it is a common 
sight when going into a firehole to find several firemen all cleaning out fires and 
the steam pressure falling steadily. 

The leading fireman must ace that the fires are (leaned out in a proper manner, 
and not according to the firemen’s own fancy. If the men will not obey the leading 
fireman,lthe engineer-chemist must spend a week in the firehole and find out what is 
wrong. A little tact generally goes much further than a lot of bullying, but there 
are some extreme types who cannot be handled, and they Ijad better find employ 
ment elsewhere. Generally it Ls simply a case of ignorance, for which the person 
in charge is to blame. Once an engineer-chemist has made sure that every fireman 
understands the methorl he wishes adopted there should not be much trouble. 



154 SUPERVISIOl^ OF STEAM-RAISING PLANT 

It is important that a fireman should know why lie is doin^a certain duty in a 
particular manner, because, if he understands the logic of it, he will work according 
to his instructions, but if he does not see why the method is better than his own ha 
will do the job in his own way when left alone. The reason for this is not always , 
Inznie.s,s or .stubbornness: but he considers he has a right to know something about 
his job, and instruction camouflaged as a little friendly advice will do more good 
than “ orders barkeil out with suitable (lrc.s.sing.” If a man really does not care, and 
cannot be induced to follow instructions, there is no jilace for him in the plant. 

The leading fireman will riaid the automatic fuel weighing niaehine once or twice 
a day, according to the cnginecr-cliemist’s wishes, but he must be told that it is 
verv imjiortant to take the reading at the, same time every day or tiriiote the exact 
tunc at which he takes it. In the ordinary bmlcr house the fuel will be weighed 
and the bunkers levelled off once or twice a wi’ck. The leading fireman will see 
that, the bunkers are ready at the same time every week, when the cngineer-chemist 
will him.self take the height of the fuel in tlie bunkers. 

FuiUier, the leading fireman will be resjionsible for the fuel s.im]iles, and as this 
is a responsible, job the engineer-ehemi.st mav detail a junior ehemist to take the 
.samples until the fireman understands Jiow it is done. > A f.iirly large .samiiliiig box 
must be kejit. in the firehole or boiler house, but so placed that il. does not iiicon- 
\eiiienee anybody. .U regular intervals during the da\- the oftener the better, 
although on a jilaiit where the same fuel is burnt from month to month and where a 
test is made every day, hair times may be .siillieieiit the iiiefiian will take a shovelful 
of coal at random from that supjilied to eai h boiler. In other words, if there arc 
fmir boilers, he will jnit sixteen shovelfuls ol coal inlo the sampling box. At the 
end of each day this box is emptied, and the fuel spread eveiilv over the floor and 
broken into .small pieces. The fuel is then f horoughlv mived and again .sjiread out 
and “ quartered " into four equal jiarts bv making a cross, two lines at rigid angles. 
The coal in two opjiosite ((uarters is thrown back into the bankers, and the remaining 
((uarters thoroughly mixed, further broken iiji, and, when the coal has again been 
spread out, quartered once more. Th«' coal in two ojqio.site quarters is returned 
to the bunkers, and the remaining quarters are further jiouiided. In this manner 
a very small quantity of very finely powdered fuel will be obtained, and this should, 
if the sampling ha.s been done correctIj', represent a true average mixture of the 
fuel burnt that day. 

A much simpler method is tojiiit the fuel straight through aSturtevant jiateiit 
coal-crusher and .sampling machine. 

This niaclime is illustrated'in fig. 1*29, which shows an outside view with .the 
door ojien, and fig. l.'It), which is a .sectional view. It not only reduces the coal to 
a fine jiowder, but the degree of finene.ss can be regulated, and it is so desij^ied that 
a small percentage is discharged through a separate pipe. An aeeurate sample may 
thus be obtaiued'in a fiactioii of the time taken in quartering the coal. 

The fuel sampling is of the greatest importance. A sample of coal taken from 
one bunker by filling a tin with a shovel is useless and need not be analyzed. Where 
mechanical stokers are installed, the fuel falls from overhead shoots into the hopper 
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in front of the boiler. The larger pieces of coal, due to the angle of repose of the 
fuel, fall towards the corners of the hopper. In order to obtain a correct shovelful 
for the box a fireman must insert his shovel well under the shoot, and not simply 
take practically “ pure fuel ” out of the corners of the hopper because it is the 
easier to reach. 

The number of coal samples will vary with the fluctuation in the quality supplied, 
and the engineer-chemist will use his discretion in the matter; but in cases where the 
supply is extremely constant, the number might be cut down to four a week on a 
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small plant—on the distinct understanding that the box in the boiler house really 
contains a true selection of fuel for the period, and is not filled on the last day for 
appearance’s sake. • • 

The ash wheelers will take their orders from the leading fireman, and should be 
trained Jo work together with the firemen when cleaning fires. Cleaning the fires 
of boilers must be performed as quickly as possible, whether they are hand-fired or 
mechanically-fired. With mechanically-fired Lancashire boijers the ashes only have 
to be raked out of the lower half of the flue, in order to replace the steaming unit as 
soon as possible. The ash wheeler will hand the fireman his tools, stand ready with 
the ash-cooling hose, see that plenty of small fuel is handy for fekindling the fire, 
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iiiid !i.ssi«t witli the daiiipprs. Tlio.so inoii far too often take the attitude that they 
are ash wlieelers and Tiothiiij' else. ,* 

In boiler hoii.ses whieh lia\e a reelaniation ])lant the ash wheeler can be paid a 
small bonus on the weif^ht ot coke lie saves. This will {{ive him a per.sonal interest 
in the MorkinR of the reclamation plant which is under his care. If the total bonus 
becomes very hinh it is alino.st certain that the ash wheelers are in leafiiie with the 
liremen, and that the latter are not eleannif^ the fires as they should An inspection 
by the en«ineer-ehemist to finil out what is fjoiiio on, and a reminder to the culprit 
that his seryices may .soon be no longer re(|uired, will )mt a stop to any tricks of that 
descii[)tion, t )n the ot hei hand, it the asli wheeler adds a shoyelfiil or so of sejiarated 
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clinker to the pure coke to mcrea.se the weiirht of his “ saviii};" the tiienien will 
soon com])lain about tbe machine not workinp properly In any ca.se. the engineer- 
chemist should iiLsjiect the boiler-hoii.se refuse and the reclamation ))lant at least 
twice a day. One of the asli'wheelers will take a rejireseiitative sample of the 
boiler-house refuse niiich as the fuel .sample is taken, although a lower standard of 
accuraey will suffice, the analysis only serving to .show how much iinbiirnh fuel the 
refuse contains. 

Pumpmen are attaelied onlv to the larger boiler plants, as in the smaller jilants 
the leading fireman is responsible for the rfii[)iily of feed water. In plants that 
have a pumpman it will be liis duty to attend to the pumps, water-softening plant, 
feed-water heating apparatus, de-oiling jilant, economizers, filtering applianees, and 
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any other arrangements for the separation of organic matter. The work is more 
or leas in the form oJ periodical inspection, and needs no further comment. 

If the pump attendant is senior to the fireman he will supervise the blowing 
down of the boilers. In any case, a responsible person must be present when this 
daily operation is performed, for it involves a greater risk than is generally admitted. 

The pumpman will also be respo^ible for a daily sample both of the untreated 
water and of the softened water supplied to the boilers. If any condensed steam 
is de-oiled before being mixed with the softened water it will be advisable to include 
a .sample of de-oiled condensate. The samples should be taken by allowing a 
Winchester bottle, having a capacity of about a (juart, to fill drop by dro}). 

The raw fuel, except in the case of powdered fuel plants, should not require 
treatment of much handling, and in any case this will be done by unskilled labour, 
supervision only being required fit)m the boiler-house staff. 



CHAPTER Kill 


OFFICE STAFF 

(a) Technical Vhcnnsls.- \n addition to the lioiler-liouse staff, the engincor- 
cheniist will bo rcs])oiiaiblo for tho oflico staff of liis dcpartmont, which comjinaos 
the technical clioinists attached to tho laboratory, tho technical stforokeeper in 
charge of the .stores, and the records office with which the latter will be closely 
associated. 

The laboratory staff will, under the su])ervision of the eiigmecr-oheinist, be 
responsible lor all nioa.suriiig instriinionts, excojit the water and fuel inoasiiring 
apparatus which must be attended to by a skilled litter who ha,s the necessary 
engineering tools for this comparatively heavy work. , It will be part of the daily 
routine of the laboratory staff to anal/ze all the fuel, ash. and water sanijiles. The 
samples from the jirevious day should be brought iiito*the laboratory every moriiing, 
together with the form shown iii Table Ill. When the. re.sults have heeii entered on 
this sheet it should be returned to the records dc)iartmen1»l<)r compiling statistics 
and filing. 

So also the leading fireman will hand in his sheet, as shown in Table II'., giving 
the figures for total fuel burnt, if iia orded daily, and the water evaporated as shown 
by the meter, together with any other records that may be rerpiired of him. 

The number of readings taken jier day, and the persons by whom theiif are taken, 
will be determined by the engineer-clieniist, whose instructions will be influenced 
by such considerations as the, size of the, plaTit and number of self-recording 
instruments provided. • ^ 

111 the ojiQinng chapter it was stated that boiler plants vary enormously in 
character. Power units differ widely in .size,aiid method of installation, and with 
their auxiliary appliances and subsidiaiy plant are capable of an almost unlimited 
diversity of arrangement. The .scheme*given in the speciiiien tables for recording 
the performance of a boiler plant embodies the essential principles on which all 
good practice is based, but the forms will reipiirc modification in detail to meet the 
special circumstances of particular plantr.. 

A chemist will go round the plant every morning and attend to the recording 
apparatus, placing new charts on the instruments, replenishing the suppljJ of ink, 
and inspecting the mechanism for defects. The used charts will be handed in at the 
records office for^examination, and filing after they have been dated, etc. Every 
afternoon the engineer-chemist will inspect all,the records, analysis results, and data 
sheets of the previous day. Any abnormal increase in fuel consumption or decrease 
in steam-supply or other phenomena requiring explanation must immediately be 
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TABLE III 


Sample Sheet 

Date.... 

Name and description of fuel. 

Eeceived from.. 

Remarks. 

Weight of fuel received. 

Fuel in bunkers. 

Weight of fuel burnt (by calculation, Lea meter, or weighing). 

Weight of boUer refuse. 

Estimated weight of nnburnt fuel in refuse (based on samples) 

Fuel Samples. 

Description of fuel.. 

Reference No. 


Hf- 
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Ash Samples. 

Sample taken from boilers Nos. •. . 

Reference No./. 

Feed-Water Samples. 

Before treatment . Reference No. 

After treatment . Reference No. 

Note .—All samples must be labelled for identification purposes. 

Laboratory Analysis. 

Fuel.r . Sample No. 

Calorific value. 

Moisturo. 

Ash cbntent.’. 


Ash. 


Sample No.t_ 


"i 

Calorific value. 

Feed water. 

_Turbidity .... 

I’ercentage unburnt coke. 

Sample No. 

Before treatment 


Samplft No. 

After treatment. 

Permanent har4ness 

• 


Permanent hardness 

General Remarks. 
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investigated, and the investigation be continued until the engineer-chemist is 
satisfied that lie JniOHs exactly what has happened, and why.' The ellieieney of a 
j)lant can only be maintained by personal investigation of the smallest details and 
a rigid adherence to methods of scientific control. 

TABLM IV 

BoiLnn-TforsK la’i; Shkht 
/M/e 

Name of plant.. . . . ... 

Jaiad conditions .... 

Numbers of boilers in use 

Total fuel used m tons 

Total water cvajiorated in gallons 

Temperature of feed water at meter .. . . . . .... 

Temperature of feed water before economizer . ... .... 

Temperature of feed water after economizer 
Boiler draught ... ... 

Kcoiiomizer draught ... . 

Cliinmev draught ... .. ^ 

Oarbon dioMile recorded ... 

Smoke. 

I'emperatiire of gases bidorc econonnzi-r 

Temperature of gases after ci’ononiizer. 

Steam pres.siire of high-jiressnre boilers . . 

Steam pres.siire of low-prisssiire boilers. . 

Numbers of superheaters working. 

'Temiieratiire of superheated steam. 

Percentage steam used by aiixiliarv macliinerv. 

Total grate area in use..* . . . .. . 

Dkowtions. * 

Fuel burnt ]ier square foot of grate area m pounds jier hour.. . 

Water evaporated per pound of fuel burnt. 

Water evaporated per pound of fuel biifiit from and at •212' P. 

Bffioicncy, Gro.ss . 

Nett working. 

Boileraonly. j. 

Economizer only . 

Superheater only. 

Scientific control must be apjilied to the examination of every substance used 
in connection with th<* steam-raising plant, among which may be mentioned the 
ingredients for the water softening plant (lime, soda ash, alumina, etc.).* Although 
> JCmjineeriiig Clicniislri /, H. J. Phillips. 
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the laboratory staff will probably not be able to spare the time necessary for a 
detailed quantitative analysis, each of these ingredients can be subjected to simple 
tests for the purpose of ascertaining their general quality and their fitness for the 
uses for which they have been purchased. Commercial soda, for instance, often 
contains an undue quantity of water. No manufacturer wishes to be charged for 
water at the price of soda, and it is the engineer-chemist’s business to see that his 
department is not debited with the cost of material which contains a large percentage 
of useless matter. 

Kconomy consists not only in doing without what is unnecessary, but in the art 
of using that which is necessary in the most efficient manner. 

Only the best mineral oil having a very high flash point must be used for 
lubricating pjmposes in plants which are fittcsl with superheaters, and allhough the 
large oil companies themselves cmjjloy a largo .staff of .skilled chemists, and generally 
guarantee a certain standard of purity, the quality of the oil should, nevertheless, 
be tested. The oil usually arrives in large wooden barrels witliout any special 
distinguishing mark, and the ordinary method of fastening is to nkil a piece of 
tin over the wooden bung, so that there is ample scojw for dishonest persons of 
an inventive turn of mind. 

The properties of special firebricks, quality of paint and consumable stores, 
nature of pipe-insulating maferial, composition of scale, specimens of corrosion, 
.samples of sediment, provide further subjects for investigation. 

Physical experiment# ami investigations into the radiation of heat and con¬ 
densation of steam will also form part of the technical chemist’s duties.^ 

Excellent books are already available dealing with most of the. .scientific 
instruments used in steam-raising plants, and the better known manufacturers have 
themselves issued publications which would be a valuable addition to any library. 

The an»ly.sis of fuels is purely a chemist’s job." A very rough summary of the 
proceeding will be given later in the chapter, together with an alternative method 
of test which may be adopted white a proper laboyitory is not available. 

Most factory owners do not realize the value »f instruments, because they do not 
see how a saving can be effected by installing them. Decorating the walls of a 
boiler house with expensive pieces of ayparatus will never save one halfpenny worth 
of fuel, but the brains which interpret their meaning and apply the information 
thus gained to improve the boiler plant efficiency may effect very large economics. 
This work is, in fact, the most responsible the engineer-chemist has to undertake. 

Very wonderful apparatus Is now made, which records all the information necessary. 
Wherever possible, factory owners should ])ay the exjra cost and install recording, as 
distinct from indicating, instruments. Indicating instruments must be read, and 
are useful for a boiler test when a trained staff is at work, but recording instruments 
are prefraable for everyday working. ' A list of the instruments necessary for accurate 
record-keeping will include a pressure gauge, draught gauges, pjyometers, carbon 
dioxide recorder, Orsat apparatus for gas sampling, thermometers, steam meter, and 
apparatus for ascertaining the weight of water and fuel consumed. The instruments 

* Trans. Royal Society, 1897. * fuels. Solid, Liyuid, ami Qaseont H. J. Phillips. 
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can, with advantage, be jdaccd in a sj)ccial dust-proof house fitted with a small 
bench at which charts can bo dated anil repair work executed^ ‘'Tlie installation may 
vary from a carbon dioxide indicator to a comjiletc battery of recorders.^ 

(6) Technical Storeleepcr .—In moat boiler jilanfs all supplies are handled by the 
general afore, and where flic plant is small this is quite permissible, provided that 
separate account books are kept. With larger plants it is advisable to run a separate 
store, or at lea.st to combine only the boiler de])artinent and the repair shoji for 
store purposes. 

Unte.ss the coat of all stores used b_v the boiler departinent, eonsuinable and 
uncon.sumable, can be readily ascertained, the cost of ])iodueing a unit of .steam 
cannot be accurately eomjiiited. it is of little use, for example, toqireparc detailed 
figures of the cost of softening the water if separate aeeounts are not kept of the 
oil supplied respectively to the boiler dejiartniert and the jiower house Unless all 
the details required for correct accounting are available, little value attaches to 
those which ran be used. 

The boiler house often “ borrows ” waste for cleaning ])urposes, etc., in which 
case someone makes a rough guess at the quantity supplied—generally to the dis¬ 
advantage of the boiler department. There is no need for such lin])py-go-liicky 
methods. If three bales are ordered, iet one go to the boiler-house store, anil one- 
third of the bill be charged to the boiler department. 

The storekeejier should collaborate with the laboratory, and submit .sanqiles of 
any consumable stores purchased so that these may be toted and advice given as 
to their quality. X coilection of trade iiifoimatioii, incliiiling a projieily indexed 
record of all literature received and of all visits paid li) commercial representatnes, 
is a valuable as.set to any boiler-house record ollice. 

The storekeeper will also keep a record of all non-consiini.ibic sloies, so that 
repair costs may be accurately computed and- what i,< more inifiortant - -the jirodiicts 
of one firm compared with those of another as regaids durability, maintenance cost, 
etc. On account of the gieat .similarity of the'work undertaken by the technical 
storekeeper’s de]iaitment and tliciecorils ollice the latter will be under the super¬ 
vision of the storekeeper, and will jiracticallv ioiiii jiart of the store organisation, 
although separate ledgers must be kept. , 

(c) Uccords Office. —The, records office is re.sponsible for accurate records of 
everything supplied to the boiler diqiartmcnl and the use to winch it has been put, 
and of any commodities that have been sujiplied by the boiler department to other 
departments.^ The office will also record the power, water, steam, etc., siqiplied 
to the different departments and oiitsid.; the works, 'flie fuel aecoiint will be kept 
separately, and in a similar manner to a ledger, fuel received being entered on’the 
left-hand side, and fuel consumed on the right. When the returns for the fui 1 in hand 
are received, they should, when added to fuel burnt, balance with the left-hand aide. 

A separate account should also be kept of the reserve fuel supply, and any fuel 
transferred from reserve should pass throug^l the ordinary fuel account in (uxactly 

' Uaa It'orin Secorders, Dr. L. A. Levy. 

‘ i'ludon/ Administralwn and Ccsta AcemnU, E. T Elbournc. 
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'ttife same way as fuel received from any other source. Fuel so transferred will, of 
course, be entered din the rigl^-hand side of the re.serve fuel account. 

The records office will 'w. .ill the tickets taken with the weighbridge stamping 
device, in order to check ' 't received with tliat stated on the invoice. Where 
boiler-house refuse is si jside merchants or made into bricks which may 

either be sold or used bj the value of such products must be entered in the 

books, so that the depart meau y be credited with the sum received from their sale 
or with the eqtiivalent of their market price if they are retained for the firm’s use. 

The water account may be kept in a similar manner to the fuel account, but the 
left-hand side will show the quantity of water softened (or purchased if town supply 
is used), and on the right-hand side will be entered the quantities supplied to boilers 
and other departments. If no department other than the boiler plant is supplied with 
softened water, the difference bet,veen the total qiuintity of water consumed by 
the firm and that'recorded by the boiler-house meter represents the consumption 
of untreated water in other departments. Even though the quantity of water used 
by the other part of a works is small and confined to sanitary requirements, the 
boiler house should not be debited with its cost. If the amount of softened water 
used by the boiler department is small compared with the consumption of the rest 
of the factory, careful records must be k8pt. The hosiery finishing trade is a 
case in point. The pump mSjhanic usually looks alter the softener because it is 
considered to be his duty, although moat of the water finds its way into the boiling 
vessels, and the differrnce between the quantity of water softened and that 
consumed by the boilers is so large that disputes constantly occur. The factory 
will never admit any waste which cannot be proved by properly kept records. 

Accurate records should be kept of all electrical energy supplied to the depart¬ 
ment whether from outside or from the factory power house, because it is only by 
taking sucl» items into account that the actual coat of production can be ascertained 
and comparisons made. 

The power analysis will show the exact perfornnnee of the boiler plant, and if 
steam meters are installed it will be possible to record the exact amount of steam 
supplied to each department, although this is of more interest to the departmental 
manager than the engineer-chemist. SJiould a dispute arise over the fuel consumed, 
as in the case of an increase compared with the previous month, due to extra demands 
for steam, the records will show that more steam has been supplied, and that the 
increase in fuel consumed is not due to a decrease in the efficiency of the boiler 
department. This may be very useful, as the impossibility of generating steam 
without consuming fuel is a fact often overlooked in those industries where large 
quantities of steam arc used for boiling.i 

The data supplied by the technical storekeeper, added to the cost of fuel and 
other items, such as wages, depreciation, interest on capital, etc., will make it easy 
to calculate the total cost of producing a unit of steam. Fig. 131 shows how these 
items may be represented graphically. . 

As far as possible records must be kept of the steam consumed by all the auxiliaries 
* " Power and Heat Costs in Chemical Works," Trans, Chtm Ind *, 1913. 
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connected with the J)oiler plant, such as pumps, fan and economizer engine, steam 
jets, etc. Table V. is a suggestion for a scheme for tabulating costs, and indicates 
how the various items can be arranged. 

TABLE V 

Boiler Department Account 

Date . 

Name of plant. 

Extract prom Boiler-House Log. 

1. Number of boilers at work. 

2. Total number of hours boilers have been steaming. 

3. Total heating surface (square feet). 

4. Total grate surface (square feet). 

6. Steam pressure (pounds per square inch). 

G. Temperature of steam (degrees Fahrenheit). 

7. Cfilorific value of fuel (B.T.II.). 

8. Ash content of fueL(per cent.). 

9. Moisture (per cent.).. 

10. Total water evaporated in pounds. 

11. Total fuel consumed in tons.•.. 

12. Pounds of watCi evaporated per pound of fuel. 

13. Feed-water temperature, before heating. 

14. Feed-water temperatiure, after heating. 

la. Flue-gas temperature at chimney . 

IG. Efficiency of boilers (per cent.). 

17. Efficiency of superheaters (per cent.) . 

18. Efficiency of economizers (per cent.) . 

19. Gross efficiency of plant. T. 

20. Steam used by auxiliaries..■. 

21. Nett efficiency of plant. 

Evaporation Costs. • 

22. Price of fuel per ton. 

23. Tons of fuel burnt. 

24. Total cost of fuel. 

25. Weight of ashes... 

26. Cost of removal per ton.*.. 

27. Total cost of removal. 

28. Combined cost of fuel. 

29. Price of water per unit. 

30. Cost of materials for purification. 

31. Price of purified water per unit. 

32. Cost of water evaporated... 

33. Evaporation cost of a unit of steam. 
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TABIjK V— Conliiiiied. 


Wages. 

34. Firemeu. 

35. Ash wlieclors. 

30. Pump attendants. 

37. liricklayers. 

38. Fitters. 

39. I’lpe covorer .. 

40. Unskilled labour .. . ' . 

41. Wafics cost of a unit of .steam... 


Maintenance Charges. 

42. Boiler cleaiiiiif; .. 

43. Flue, oleaning. 

44. Cleaning feed-water purilication ])lant... 

45. Special mauilenanee eosts (eiiiergency measures, etc ) . 

46. Supervision ... 

47. Laboratory and records ollice .... 

48. Maintenance cost of a unit, of steam.. i 


CoNSGM.uiEE Stores and 1’omer. 

19. Cost of lubric.ants .. 

50. „ firebricks ... 

51. .. building materials 

52. ., packing, gauge glasses, ell' 

53. .. firing implements 

54. „ engineering stoics 

55. .. renewals. 

50. ,, electric power.... . ' 

57. „ electric light .. 

58. Stores and power cost ot a unit of steam. 

Kep.vir Costs. • 

59. Repairs to boilers., 

00. „ superheaters . ... 

01. „ economizers. 

02. .. pumps, injectors, and meters. 

03. „ instruments'.'.. 

64. „ feed-water purification plant 

65. „ fuel handling plant. 

66. „ ash handling plant. 

67. ,. ' steam pipe system ... . .... 

68. „ water pipe system. 

69. „ flues and chimney . 

70. Repair cos't of a unit of steam. 
















* MANAGEMENT OF STAFF 


"4 


TABLE V— Continued. 


General Costs. 

71. Special testing charges. 

72. Boiler inspection. 

73. Fire insurance. 

74. Special insurance (accidents, etc.) 

75. - Repair to buildings. 

76. Special charges. 

77. General cost of a unit of steam.., 


Overhead Costs. 

78. Ground rent. 

79. Depreciation of plant. 

80. Interest on capital. 

81. Special local charges. 

82. Overhead cost of a unit of steam 


Summary of Costs. 

Cost of water and fuel per unit .. • 
., wages per unit . .* 

, ,. maintenance per unit .. 

,, stores per unit. 

general charges per unit 
overhead charge" jier unit 
* 

Grand total. 



£ s. 


£ 


(d) histmmente .—A simple form of draught gauge was illustrated in fig. 49. 
This instrument costs little, and sffould be fitted a*-- the front of every Lancashire 
boiler. 

Water-tube boilers require more sensitive instruments. Many of these boilers 
work on the balanced draught system, and the difietoncc in level of the water in 
the gauge would be too small to read with accuracy on an ordinary gauge. A special 
instrument, fitted with a pointer recording over a small arc of a large circle, should 
therefore be used. Very small variations can then be clearly read at a considerable 
distance from the instrument. 

A recording draught gauge may be installed to show the draught in the main 
flue, and when used on natural draught plants this will indicate when the flues 
should bo cleaned. 

A pyrometer is an instrument for measuring the temperature of the flue gases.^ 
Several types are manufactured, but that in most general use is known as the 
thermo-electric ppometer. Thermo-electric pyrometers consist essentially of a 
thermo-electric circuit in which tKe hot junction is exposed to the temperature to be 

* Pyrometrtf, C. R. Darling. 
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measured, and the resulting electro-motive force is measured bjj a siutaWe recording 
instrument. If two wires made of dissiimlar metals or uUoya are joined together 
at their ends, and if one of the junctions is heated, an electro-motive force is 
set up which gives rise to a current in the circuit. The 
magnitude of the current and its ilireetion di-pend upon the 
nature of the mefals employed, and upon (he temperatures 
of the “hot " and “ cold ” junctions re.spec1ively. If, there¬ 
fore, a suitable galvanometer is introduced into the circuit, it 
is possible to determine the temperature of the hot junotion 
from the deflection of tlie galvanometer. 

Ii'ig. 132 shows a tlicrmo-junetioii, wliich consists of two 
wires of dissiiiiilar metals or alloys generally iron and eon- 
stantan (which is an alloy of (10 jier cent, copjier and ID per 
cent, nickel)- fused together at one end and connected to 
the pyrometer at the other. These wires are tjireaded through 
double-drilled fireclay tubing, being thus insulated from one 
another throughout their length. The wires are enclosed in 
a covering of stec]. The terminal's of the thernio-junctioii are 
connected to those on the jiyrometer (fig. 133), which is a very 
sensit ive galvonometer. 

The current generated at the fused end, or junction, of 



fio 132.—'I’lniRMo-.h SLTioN Fui. 133 .S\kco Indii'auso I'isomm-ik 

the two wires is proportional lo the heat at that point, which is recordeil on the 
instruments directly, in degree.s Centigrade or Fahrenheit, as may be jirovidcd for. 

In the ‘‘ Sarco ” recorder a special jien and inking device take the jilaee of the 
pointer used in the indicator. 'I’lie jien is alternately inked and pressed down by 
clockwork on to 'a printed chart revolved by a .sejiaratc clock movement. Thus a 
series of dots is produced, forming a practically continuous record of the temperature. 
Carbon dioxide recorders are of three main types: 

(1) Volumetric recorders, in which the carbon dioxide contained in a definite 
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volume of flue gases is absorbed chemically, and the consequent reduction in volume 
is recorded as a percentage. 

(2) Diffusion recorders, in which the carbon dioxide is absorbed chemically after 
diffusion through a porous pot, thus producing a pressure difference between the 
interior and exterior of the porous pot. This pressure difference is recorded, and 
is a function of the amount of carbon dioxide. 

(3) Electrical carbon dioxide recorders. In this instrument the variation in the 


electrical conductivity of the gaseous 
mixture, which is a function of the per¬ 
centage of carbon dioxide, is recorded. 

An example of a volumetric recorder 
is the “ Sarco ” carbon dioxide recorder 
shown in fig. 134. 

The action of the apparatus will be 
made clear by reference to fig. 135. The 
power required to procure and deal with 
the gas samples is derived from a fine 
stream of water at a head of about 
two feet. The flow of water is regulated 
by a screw clip, and enters the instrument 
at (8) through the small glass nozzle (9). 
The water flows througn tube (74) into 
the power vessel (82), compressing the air 
above the water level, and this pressure 
is transmitted to vessel (87) through 
tube (78). The pressure thus brought to 
bear on the surface of the liquid with 
which vessel (87) is filled (to mark 95) 
forces the liquid upwards through tubes 
(91) and (93). Thence it passes up into 
vessels (68),‘ (67), (77), and (66), and into 
tubes (49), (61), and (52). ' , 



It rises until it reaches the zero mark 
(71), which will be found on the narrow 


7ig. 134. -SARro Carbon Dioxiok Uecorrrh. 


neck of vessel (67). At the moment it reaches this mark the power water, which. 


simultaneously with rising in vessel (74), has also travelled upwards in syphon (72), 
will have reached the top of this syphon, Which then commences to operate, and a 


much larger quantity of water is disposed of than flows in through the injector (9), 


so that the power vessels (74) and (82) are rapidly emptied again. As the pressure 
on vessel (87) is thus released, the liquids return from their respective tubes into 
this vessel. Assuming tube (49) to be in connection with^a supply of flue gas a 
sample of this is drawn in from,the continuous stream which passes through (43), 
(45), and (46), as the liquid recedes in (49), by the partial vacuum which is created 
by the falling of the liquid. As soon as the flow in the syphoif stops, vessel (82) 
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to fill apjain, and the liquida in tubes (91) and (93) rise afresh. The ga.s in 
((i7) and (08) is now forced up into tube (50), and caused to bubble rifjht through a 
solution of caustic potash (specific gravity 1'27) with which vessel (91) is filled to 



Fro FK"} —Diaokam of the Sarco Carbon Dioxidl 
J<EGOKI>£K 


a point (64) marked on the out¬ 
side. In this process any carbon 
dioxide that may be contained 
in the gas is quickly ab.sorbcd 
by the potash. The remaining 
])oriion of the sample collects 
in (02) and passes up through 
(00) into tubes ,.(57) and (58). 
The gas now passes under the 
' two floats (18) and (20), of which 
the former is larger and lighter, 
and will, therefore, be raised 
first. By turning the Ihuinb- 
serews (14) and (1.5) the stroke 
of tVis float IS ailjusted until 
exiyllv 20 ]a>r cent, of the whole 
sample leinams to raise float (2b), 
when nothing is absorbed in 
(91), as riould lie the ease if air 
were jiassed through the recorder. 
Tins ‘float has attached to it pen 
(30). which is caused to travel 
downwards on the chart as the 
float rises. If no carbon dioxide 
were contained m the gas, nothing 
wiaild be absorbed by the potash 
in (91), and the whole of the 
20 jier cent, would reach Coat 
(20) 'J’lnis the pen would travel 
the whole, depth of the chart, 
from fhe. 20 jier cent, hue at the 
top to the zero line at the 
bottom. 

In actual working any carbon 
dioxide gas contained in' the 
sample will be absorbed «by the 
potash, a correspondingly leas 


, ^ quantity will reach float (20), 

and pen (36) will not travel right down to the bottom of the chart, but will stop on 
the line w'hich denotes the percentage of carbon dio.xide in the sample. On the re¬ 
turn flow of the liquid the gas is pushed out from under floats (18) and (26), through 
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the tub&s (67) and (5§), and into tubes (59) and (52). From here it passes out 
into (66) —as soon as the liquid has fallen below the outlet of tube (52)—and through 
tube (51). The gas, when analyzed, leaves the recorder by a set of tubes entirely 
separate from those through which the 
samples are obtained, so that there is no 
possibility of mixing the old with the new. 

An example of a difEusion apparatus is 
illustrated in fig. 136, which shows a W.E. 
carbon dioxide indicatdr. 

The operation of the instrument is shown 
diagrammatically in fig. 137. The flue gas is 
drawn through the apparatus by the aspirator 
(S), which is connected to the chimney, and 
operated by the draught therein. The gas 
enters the instrument through a filter (F), and 
after being freed from suspended solid particles, 
it flows into a chamber containing a porous 
pot (P). Leaving this chamber the gas pusses 
through a bottle (B) containing water, which 
serves as a tell-tale, so that the flow of gas 
through the apparatus is under observation, 
and any stoppage in the connecting pipes will 
be indicated by a partial or complete cessation 
of the flow of bubbles. The gas then, passes 
through the cock (E), which serves to control 
its rate of flow to the aspirator (S). 

The porous pot (P) contains an absorbent 
cartridge (R), filled with a material wlil.-^h 
rapidly absorbs carbon dioxide. As the gas 
■flows over the pot (P) it diffuses into the 
interior, and the carbon dioxide which it 
contains, is removed by the absorbent. A 

difference of pressure is thus set up between the interior and the exterior of the 
porous pot (P), and the amount of this difference will depend upon the volume of 
gas absorbed from the interior—that is, upon the percentage of carbon dioxide. The 
measurement of differential pressure is indicated in the diagrammatic sketch by a 
simple water gauge. In the indicator the pressure difference is recorded by a vertical 
column of water in a glass tube fixed to a graduated scale. 

Another example of the diffusion type of instrument is the “ Econometer ” carbon 
dioxide tester of Messrs. Kelvin, Bottomly, and Baird. The instrument is very small, 
self-contained, and designed to meet the requirements of those who must have a 
portable instrument to test the ^percentage of carbon dioxide in flue gases. A 
sample of gas is drawn into a cylinder by working a piston, and when the gas is 
in the cylinder the pressure is read on a manometer. The inlet and outlet con- 



VlQ. 136.—W.H. OoMlIllSTION 
Tndicatok. 
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ni'ctions to the cylinder are shut, and tliose to a chamber containing absorbent 
chemicals arc o|)cned. The gas is pumped tlirough tin' tibsorbcnt several times, 
and the piston is finally de])rcssed until the jircssurc m the manometer is the same 
as .at the beginning of the test. When the sample is drawn into the eylmder and 
before the eonneetions are changed over to the container with the absorbent, the 
]ii8ton must be at the toji of its stroke, otherwise an incorrect reading will be taken 
on the manometer. The displacement of the piston, in order to show the same 
Jiressiire on the maiioiiieler as at the eommeiieement, is proportional to the carbon 
dioxide absorbed, and the projiortion is read oft on the graduated piston rod. 

A further type of a])paratns', which works on a ditterent jirineiple from those just 
iiieiitioiied, is the “ Raiiarex ' carbon dioxide indicator It is ent,jrely meehanic,al 


/?- Absorbent 
P- Porous Pot 
P,-Plug 
Q- Gauge Tube 
F- Fi^r 

Fj- Detector Tube Funnel 

L-ua 

E- Tap 

Z~ Inlet Detector Tube 
B- Gas Flow Detector 
S~ Aspirator 

X- Return Pipe to Fan Face 
when Induced Draught 


IS used 



ToChimneipl ^ 

^ /I / ^tpirator to be fixed 

P’r as close to Chtmnei^ 

as possible 
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in its action, and neither uses any chemicals nor emlaidies any delicate electrical 
or other devices. Its essential parts arc two fans which are kept in rapid rotation 
by means of a small elcetrie motor at the top of the instrument. The fans mil at 
the .same speed, each in its own chamber. In the chamber adjacent to each fan is 
a disc with vanes, so mounted that it tends to rotate owing to the friction of the air 
or gas set in motion by the vanes of the driven fan. The tendency toVotatc is 
jiroportional to the density of the gas in the chamber, and this fact makes it possible 
to determine the,percentagc of carbon dioxide. The magnitude of the torque varies 
jointly with the density of the gas in the chamber and the square of the speed of the 
impeller. One chamber is filled with flue gas and the other with pure air, so that, 
as the speed of the impellers is the same, the torques transmitted to the recording 
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fans will vary with the densities of the gas and air respectively. The two fans are 
coupled together by levers which are joined by a link, and the whole system of levers 


will take up a position in which the torque 
of the air fan balances that of the gas 
fan. A pointer connected to the system 
indicates on a dial the percentage of carbon 
dioxide in the gases, with a time lag of a 
few seconds, the fans running at about 
3,000 revolutions per minute. 

The total water supplied to the boilers 
by the pumps is measured by the water 
meter, but it is often desirable to measure 
the steam supplied to any one department 
separately, and if any condensed steam is 
returned direct to the boilers a steam meter 
must be used. There are various types of 
steam meters, of which the Kent diagram 
recorder, shown in fig. 138, gray serve as an 
example. ’ 

A carefully calibrated orifice is employed 
for obtaining the differential pressure by 
which these meters arc ,)perated. The type 



j!'ia. 13s. —Kkst DtAOitAM Kbcobdbr. 



J'la. 139 .—Kent Boiler Load Indicatob. 


of orifice Ls shown in fig. 140. 
It fits inside the bolts connecting 
two flanges of the steam pijie 
line. The orifice fif.ting is made 
with an orifice plate to suit the 
load required, and has a range 
of full to one-fifth full load. 

In large central power stations 
it is very often convenient to 
know the exact evaporation of 
each separate unit, and for this 
purpose each boiler may be fitted 
with a load indicator. Fig. 139 
shows a Kent combined boiler 
load indicator and recorder. 

The principle of the instru¬ 
ment is similar to that uti¬ 
lized in the steam meter. The 
indicator is operated on the 
differential pressure system; by 


the insertion of an orifice plate A inch thick in the steam main between the 
flanges differential pressures are set up. These two pressures are transmitted 
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rpspocHvcly to two cooling chambers in which the steam is condensed. Then, 
using water as a medinrn, the pressure is transmitted throtigli two pipes to the 
opposite sides of a diaphragm. The diapliragm is controlled by two springs in 
tension, and when actuated by the difference in pressure controls a needle which 
indicates on the 18-inch dial the amount of .steam passing at any instant. This 
reading is iineorrected for variation in ])ressure or superheat, and has to be 
modified from a table of factors I'overing the speeifie range required. The table 
of factors is sujijilied by the makers. The dial is generally grfuluated to read 
pounds of steam per hour. 



SeCr/OAMl »AA/ 
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The positions of the various instrtiments are shown, tor a Lancashire boiler 
plant, in fig. 141. 

The boilers should be provided with wroiiglit-iron ])ipes built in an air-tight 
manner into the brickwork, and the pipys should be fitted with a tee-jiiece and plug 
'whenever possible, so that soot or other sediment may be removed at any time by 
inserting an iron rod. • 

Fig. 112 shows the. positions of the test holes for a Stirling boiler, and fig. 143 
gives similar information for a Babcock and Wilcox C.T.M. type water-tube boiler. 

The remaining instrftment used by thase in charge of boilers is the salinometer oi, 
as it is sometimes called, the hydrometer. A salinometer is an instrument for 
measuring the depsity of the boiler water, and is of special interest to marine 
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^ It consists, as shown in fig. 144, of a graduated stem supported by a 
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engineers, 
float. * 

It is generally constructed of metal, but for finding the density of heavy liquids 
it is made of glass and loaded with a mercury bulb. If a proper salinometer pot is 
not available, an ordinary bucket may be used to collect the water to be tested. 
The salinometer is placed in the water, and the depth to which the stem is immersed 
when the instrument floats in the container indicates the density of the liquid. It is 
important that the temperature of uhe liquid should be that for 
' which the salinometer is graduated, because the density varies 
with the temperature. Most salinometers are graduated for use 
at 200° F. 

To fill a salinometer pot from a boiler at, say, 200 pounds 
pressure is not so simple an operatinn as might appear. When the 
cock is opened, much of the escaping water is immediately converted 


Fio. 141.—I’osiiioN OK Tust Hoi.bs os a Lancashibb 
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Draught Gauge. 
Carbon J>ioxido 
llecordcr. 
Draught (Uuge. 


D=Pyrometer, 
Pyrometer. 

P—Draught (iaugc. 
Draught Gauge. 


int8 steam at atmor^ihcric pressure; there is much 
spluttering, and care is needed to avoid scalds while 
the pot is filling. The stems of salinometers used 
in the jnercantile marine are graduated in thirty 
seconds, because sea-water contains 5 ounces of 
salt m solution per gallon or one thirty-.second of 
the weight of a gallon of fresh water (160 ounces). 
In taking boiler densities with these instruments, 
therefore, ib is easy to ascertain to what extent, 
if any, sea-water has leaked into the closed feed-water system. 

liie Admiralty hydrometer is graduated in degrees, every degree indicating 
J ounce solid matter dissolved per gallon. A gallon of sea-water will show 10 degrees, 
or the equivalent one thirty-second, us shown on the ordinary salinometer. 

Chemists generally express density in degrees Twaddell, whilst continental manu- 


Fer6o? Notes and Sketches, W. J. Southern. 
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faoturers discuss doffrei's Bcuuiiic. Vigs. 115 and 1IG show the rolHtioiiship lie! ween 
these different scales, and are Useful for converting one info tfie other. 

Boilers may he worked witli safely where the stein of the sahnonieter stands 
out of the water to the extent of one-half of a thirty-second, indicating 2J ounces 
of salt jier gallon, hut the boiler must he ke]it under observation lioth for priming 
and for corrosion if this figure is I'xceedcd. It is very undesirable to work above 



A Jlrauiiht (lauijc 

n iltauirhl Ciumo and Caibon Dioxido iU'toidci 

• ( 

one thirty-second. Watei-tube boilers must not exceed three-quarters of a thirty- 
.se.coiid- that is, the salt in the water must be limited to ounces per gaJlon. 

The mcthoil of taking a sample of fuel for analysis has already been (lescribed. 
After the procedure detailed on p. lot, the sample is pounded in a mortar in the 
laboratory iintif an exceedingly fine powder is obtained. There are various types 
of fuel calorimeter, one of the best known being the " Barco ” bomb calorimeter 
shown in section, in fig. 147. 
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The bomb consists of a strong phosphor bronze cylinder, gold and platinum 
lined on the inside to* ensure long life. It is fitted with a cover secured by three 
large studs. With the cover is incorporated a needle valve for admitting oxygen, 



Fig. 143.— Fosmos of Test Hulks for*a Babcock amd Wilcox Boiler. 


A=Draught Gauge. C=Carbon Dioxide Recorder. 

• B-Draught Gauge. D=Draught Gauge and Pyrometer. 

Draught (iauge and Pyrometer. 


and also a special joint through which the firing wire passes. The bomb is entirely 
surrounded by water, which is kept agitated after the charge has been exploded. 
The stirring mechanism consists of a couple of long vertical paddles, which are 

12 
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rotated by the handle at the to]> of the instrument through a pair of bevel wlieela. 
An outer annular chamber, also filleil with water, and an flitervening air-spaee 
maintain the conditions of the field quite constant immediately outside the 
container, and the radiation is almost constant. 

A small crucible is weighed on a chemical balance, and after about 2 grams of 
the fuel have been placed therein the. whole is reweighed. The crucible is ne.xt 
placed in the adjustable holder attached to the cover, and the height regulated m 
such a manner that fhe loo]) of very thin wire just touches the 



METhit. Density 


by screwing down the tliree nuts .-\n o.wgen cylinder is connected to the bomb, 
and the needle valve in the centre of the cover opened carefully to admit a charge- 
of oxygen, but not fa,st enough to blow all the powdered fuel out of the crucible. 
The needle valve is then closed, as is also that on the oxygen bottle. Tlir jiipc is 
disconnected, and the bomb placed in the calorimeter. The terminals from three 
dry cells or a special hand-driven dynamo arc connected to the bomb, and the 
stirring mechanism connected to the handle. 

The water in the inner chamber, the weight of which must be known exactly 
and therefore remeasured for every test, is gently agitated until the temperature"- 
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recorded by a finely divided thermometer is constant. The charge is fired, and the 
water again quietly 'stirred until the highest temperature is recorded. Then the 
water equivalent of the apparatus plus the weight of water in the apparatus, multi¬ 
plied by the rise in temperature and divided by the weight of fuel, gives the heating 
value of the fuel. 


(E-l-W)T 

F 


=number of British thermal units. 


Since all chemical balances weigh according to the metric system, all the cal¬ 
culations may be done in grams, that is, the water measured in cubic centimetres, 
and the final result divided by l-S to convert the calories to British thermal units. 

When working with these units a Centigrade thermometer must be used. Mis¬ 
takes often occur through using a F.ihrenheit thermometer and neglecting to convert. 
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Xt) determine the water equivalent a known quantity of some combustible matter, 
the calorific value of which is known, jp exploded in the calorimeter, and the value 
E solved from the equation given. Only those firms which em])loy a chemist in the 
boiler department laboratory will analyze their fuel, because the other employees 
have generally no time to spare for this work, even if they are competent to 
perform it. 

Since it is essential to know the heating value of a fuel if any efficiencies are to 
be worked out, the following alternative method is here given. It has been taken 
from M^. T. Roland Wollaston’s book, Pomr Plant. No expensive apparatus is 
required, and the procedure, though simple, gives extremely satisfactory results. 
As this method has been successfully operated on board ship without the convenience 
of a firm of chemical apparatus dealers to supply requisites, it can be adopted by 
engineers in charge of plants situated far from any large town. 

The ascertainment of the moisture, volatile matter, fixed carbon and ash is of 
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great value for the purpose of making sure that the quality of the fuel delivered is 
constantly maintained. The necessary apparatus consists of ah ordinary chemical 
balance, a small crucible of silica, with a lid, a Bunsen burner, pipe-clay triangle, 
and tripod stand. 

To find the moLsturc, weigh the crucible w ithout the lid, place in it about 2 grams 
of powdered fuel and reweigh. Then place it in a dry and evenly warm place—for 
instance, on the t.op of a steam pipe or gas stove, or inside a kitchen oven. After 
half on hour reweigh, and note the weight; repeat the operation offer a quarter of 
an hour, and continue to do so until the weight remains constant. Then subtract 
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the lowest weight from the original weight, divide by the original weight, and 
multiply the quotient by one hundred,. Tlie result will give the percentage of 
moisture. 

To find the volatile matter, place the crucible, with the, dried sample, on the 
tripod stand, as shown in fig. 118, and cover it with the lid, which should be a good 
fit and have a hole, measuring ,’,i inch in diameter, drilled in the centre. 

Regulate the Bunseh burner so that the flame is 6 inches high. The upper part 
only of the flame should envelop the crucible. It is most important that the distance 
between the bottom of the crucible and the orifice of the burner should be the same 
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every time, and if the supply of gas is fairly constant, this distance may be 5 inches. 
After a few seconds h flame applied to the hole in the lid will ignite the escaping gas. 
From the moment of ignition continue the heating for ten minutes ; then remove 
the burner. Allow the crucible to cool in a dry atmosphere. A wine-glass over a 
glass plate covered with vaseline may be used as a “ desiccator.” Eeweigh when 
cool, and subtract the weight thus obtained from the “ dry ” weight ascertained in 
the moisture test; divide by this dry weight, and multiply by One hundred. The 
result will give the percentage of 
volatile matter. 

To find the ash content the 
cnicible, with its coked content, 
is again placed on the tripod 
stand over the Bunsen burner, 
but this time well down in the 
flame, and with the cover 
removed, as shown in fig. 149, 
so that the carbon may be fully 
consumed with free access pf air. 

When combustion appears to 
be complete—by the ash assum¬ 
ing a lighter colour—remove, 
cool, and weigh again under 
exactly the same conditions as 
in the “ volatile ” test. After 
weighing, it will be well to turn 
the ash gently over or to stir it 
with a piebe of wire, and to return 
it to the flame, cooling and 
reweighing it to be absolutely* 
certain that combustion is com¬ 
plete. The loss of weight, divided 
by the weight of the coke and — 
multiplied by one hundred, will • Wa- us.— Tkst fou Volatile Mattkb in Coal. 

. give the percentage of fixed 

carbon; while the actual weight of the unconsiuned residue is, of course, that of the 
ash present in the original weight of dried fuel. 

In connection with these tests Mr. Wpllaston suggests the followup adaptation 
of the well-known Goutel formula worked out by Mr. W. Briscoe Baton. 

If p equals the percentage of fixed carbon in a fuel, if V equals the percentage 
of volatile matter in a fuel, then 146'4 C-f-aV=the calorific value in B.T.U., where 
a is a constant which may be determined from the graph shown in fig. 150. 



100 V 

To find a, work out draw a horizontal line through the point 

corresponding to this value, and where it outs the curve drop a perpendicular 
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the information gaineil lias licen fiillv ri 
ajiparatus, wliirh, in turn, will form tli 


on to the horizontal ahseissa anil read off 
the value for tlie eoifctant a. 

It will be gathered tliat there is 
nothing dilTicult about the,se tests, but, 
ueverthele.ss, pains must be taken to 
olitain correet results. The simplicity 
of the method in no way dispenses with 
the need for care. With care and real 
interest re,suits can be obtained winch 
will differ but slightly from those 
obtained m the laboratiiry, and which 
will certainly be sulllcieiitly accurate for 
praetmil eonijianson of the values of 
dill'erent. consignments of fuel. The 
simiilieity of these tests niav lead to 
their u.se in plants m wliieli a ijuiilified 
engiiieer-ehemist is not yet employed. and 
when expi'rieiiee has demonstrated that 
re.siilts rail be obtained, and the utility of 
‘iilized, a demiiiid may arise for more seieiitilic, 
le nueleus tor a projier laboratory, ultimately 



Flo. 150.— tlBAPii TO Pktkkminb “ a ” in the Foemitji 145 4('+nV. when (Ai.erLATi.so l'Aj.nitino 
Value feom JUiommate An ilysis 


requiring the services bf an engineer-chemist who will apply methods of scientific 
control to the entire^oiler plant. 






CHAPTER XIV 

TESTING 


(a) Power Unit .—Boiler houses which arc under scientific control all the year 
round need no special test in order to ascertain their efficiency. The continuous 
records, if properly kept give all the information required, and are of far more 
use than any individual test, even if this last for a week. In such boiler plants 
special tests will only be undertaken very occasionally, as when a new boiler has been 
itistalled and the owners wish to conduct a test of their own in addition to that 
of the firm supplying the boiler. Glenerally such tests are conducted by the 
contractors’ staff under the close supervision of the owners’ representative, and 
the owners have only to copcern themselves with the arrangement of the details. 

Elaborate tests are usually limited to lai^e installations, and even here difficulty 
arises from the lack of a satisfactory boiler-testing code. That prepared by the 
Institution of Civil Engineers has been out of date for some time, and the delibera¬ 
tions of the various pro.^issional organizations which are considering the formulation 
of a new code are still in progress. Pending the issue of an authoritative code, 
readers desirous of pursuirtg the subject further will find in Mr. David Brownlie s 
book, Boikr Plant Testing, a very thorough treatment of the problems involved. 
Although handicapped by the absence of a standard code, the engineer-chemist of 
an ordinafy industrial boiler plant can do much to check misinterpretation of test 
figures and to ensure that the tests are so conducted as to give results which will 
be substantially correct. * 

Unless there is something radically wrong, no such elaborate testing will be 
necessary when an ordinary Lancashire boiler is installed in a factory boiler house, 
as would be required with water-tubj boilers in a super-power-station unit having 
an average evaporation of 150,000 pounds per hour, and comprising mechanical 
sibker, superheater, economizer, air heater, forced and induced draught fans, pumps 
and other subsidiary apparatus. The engineer-chemist will only carry out special 
tests in order to arrive at some result not furnished by the continuous records ^for 
instance, when a special fuel is to be tes^d or when a new arrangement of boiler 
setting or reorganization of flues has been undertaken on part of the plant. Separate 
fuel a?}d water records must, of course, be kept in respect of the boiler under test. 
In other words, the weight of water and fuel consumed during the trial must not be 
included with that used by the remainder of the plant. In addition to the ordinary 
readings special data will be collected and tests will be made with the Orsat apparatus 
to fix the percentages of carboh monoxide, dioxide, and oxygen, in the flue gases. 
The fuel sampling must be carried out with special care, because it is vital to the 
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success of the test to obtain an accurate sample, since the heating value of the fuel 
is the most significant factor in the final calculation. ' 

In view of the extreme importance of obtaining on accurate figure for the heating 
value of the fuel, some firms keep a s])ecial boiler for ex])erimental jnirposes, and 
this unit is practically in charge of the laboratory staff, although the steam generated 
is suj)plied to the factory on exactly the same terms as that coming from the other 
boilers. The testing jilant is an indejiendent steam-raising unit, has its oi\n auxiliary' 
appliances, subsidiary plant and separate flue, anil is fitted with all the necessary 
instruments. In one large jilant with which the author is acipiainted, very careful 
testing over a jieriod of many Vears has jiroduced absolutely reliable data regarding 
the efficiency of this unit when fired with various kinds of fuel. Long-continued 
observation and ex]ierinient have made it possible to eliminate all the constant 
factors and to draw coriect inferences icgardmg the influence of any new factor, 
such as a change of fuel. IVlien a (hffereiit class of fuel is about to be purchased 
for the nitiin boiler ])lant, which coni])rises forty Lancashire boilers, a small sample 
quantity' is burnt under the exjierinieiital boiler, and the factors of evaporation and 
calorific value are obtained iiKlepeiulently of any analysis and coal sampling. The, 
jiossibility of error when burning a hundred tons of fuel iinder the experimental ]iower 
unit, in which radiation losses and all'other characteristics arc known, will be less 
than when determining the heating value m the laboratory after taking a coal 
sample, because certain allowances have to be made to convert the calorific value 
of the dried fuel in the calorimeter into that of the fuel in< he condition in which it 
is supplied to the boilers. 

Very few firms as yet have such an experimentah .station, but in large power 
plants an accurate comjiarisoii between different fuels under working conditions 
may thus be obtained, which can only have an important influence on the choice 
of supply. Large savings may often be cffecteil by attention to this matter, 
especially when the fuel bill runs into five and six figures. In this connection it is 

well to remember the formula: * 

« 

. . 'heat returned in steam 
* Gross eiiicicucy = , , i* i p i * * 

iieat supplied in fuel 

« 

Several factors enter into net efficiency calculations, the two most impoitant 
being the heating value of the, fuel and'tlie steam used by the auxiliary macliinery 
assisting in tlic production of steam. Questions affecting the allowances which 
should be made when the coal actually burnt in a test differs Iroin that on which the 
manufacturers’ guarantee figurq is based, and the inclusion or exclusion of steam 
supplied to auxiliary appliances when calculating efliciencics, have given rise tb such 
divergence of opinion that their discussion is a main cause of the delay in foriljulatiiig 
the urgently needed testing code. Differences in methods of calculation in these 
respects make all the difference in the last few per cent, of a guaranteed efficiency. 

For the vital purpose of calculating coniparalivc efficiency from week to week, 
the engineer-chemist need not be troubled by such' controversies. If he works the 
results out in the seme manner every week he will obtain an index figure by means of 
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which he can detect any serious loss of efficiency in a particular ■week, and set on foot 
enquiries to ascertain'the reason. The consumption of the steam jets M'ill be tested 
from time to time in order to make sure that the jets are not becoming worn, and 
that the fuel burnt to supply them is not out of all proportion to their utility. In 
arriving at the net boiler efficiency every week the engineer-chemist will deduct the 
steam consumed by the jets at the last test. As his staff have other more important 
work to do than testing steam jets every week, he may disregard any small error 
that creeps in as a result of slight variations in the steam consumption of the jets. 

In view of the fact that very few firms as yet take the trouble! to keep records, to 
say nothing of calculating efficiencies, and that a general race between l)oiler plant 
owners in the different industries to determine who can run his plant at the highest 
efficiency has not yet taken place and has not even been announced, minuticB of 
this character can for the present be treated lightly in continmnni records. These 
records are only of service for comparison with past performance of the samd plant; 
they can only become valuable for comparison between different plants when an 
agreement has been reached and embodied in a code dealing with such vexed questions 
as those mentioned above. 

(6) Auxiliary Appliances.-i-The auxiliary plant should be tested independently 
whenever the continuous records show an unhsual waste. A superheater may not 
contribute its share towards the general efficiency of the plant, and this may not 
be noticed at once, because the steam temperature will probably be recorded by an 
instrument fitted in the main steam-pipe range. Superheaters are fitted with 
thermometer pockets, and it is an easy matter to insert a thermometer and take 
the temperature of the ste&m leaving any one superheater. If more accurate 
information is required a steam meter can be inserted between the boiler and the 
superheater, and a test made over a certain number of hours, mefisuring the steam 
passed throhgh the superheater, inlet and outlet temperature, temperature of the 
flue gases before and after passing through the apparatus. Analysis of the flue gas 
may also be made to ascertain the fffficific heat. 

The economizer can be tested in a .similar manner, substituting water meter for 
steam meter, although the continuous records should give all the information required 
concerning this apparatus, because in.general practice all the feed water passes 
through the economizers, which are either in one straight line or so located that 
the gases pass through in parallel. If any condensed steam is returned to the 
boilers direct, such as condensed steam from tentering (known in Lancashire dialect 
as “ stentering ”) or other process machinery, a steam meter must be inserted 
between the boiler and the machinery using the steam. The steam cylinders of such 
machines are really part of the steam space of the boder, because the whole pipe 
line and, machine are at boiler-pressure, and the condensed steam returns to the. 
boiler under the action of gravity. If there are many machines the water returning 
to the boiler is a largo percentage of the total steam evaporated. The desirability 
of keeping close watch upon the quantity of steam used by the auxiliary machinery 
has repeatedly been emphasized.,* An occasional test should be made by weighing 
the condensed steam. Such tests cost money, and need only be carried out, on an 
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avoraf'c, twice a year. In tlie intervals the indicator will provide what information 
is nccoHsary. * 

Indicating an engine takes very little time, especially in a works where the 
mechanic knows the sizes of the various fittings. The fan, economizer, mechanical 
stoker, and centrifugal pump engines .should be indicated as well as the reciprocating 
pumps. Figs. I.”)! to l!j.') show a few indicator cards with their respective faults: 

Fig. 151. Card from an engine fitted with a ])iston valve admit! ing steam 
at the centre. AVhen overhauling valve gear, the jiistoii rings were replaced 
incorrectly. Top end is correct, and card remains unaltered; bottom shows cut 
oil too early. 

Fig. 1.52. Card .shows very leaky piston rings. 

Fig. 1.5.‘! Card shows effect of leaky piston lod gland. 

Fig. 151 Card is off an engine working with an expansion valve located at the 
b.ick <if the mam slide valve, main slide valve is low. 

Fig. 1.55 shows a card from a circulating [lump engine i‘xhaiistiiig into a con¬ 
denser, grofjved piston rod 

(c) SiihmdKir!/ J'Unit. -The subsidiary ])lant will reiniire little attention beyond 
what might be termed ■■cheeking" or calibrating tests. .•Viitomatic fuel weighing 
appliances slioiilil be checked by rewi'ighmg a known (juantity of fuel and compaiing 
with the weight registered by the machine Thi.s may convcmcntlv be done by 
collecting one or more charges of fuel on the boiler-house floor and reweighing in a 
basket standing on a weighbridge or attached to a steelyard. 

Water meters .should be arranged as shown in fig. 71), so that a certain (pianlily 
of water may be p.assed through the app.iratus into a tunk, and the volume measured. 
The jiistou rings in pre.ssiire meters become, worn and allow water to pass, or the 
“ change over ' cock may by-pass a little water. The siinjilest wav ot calibrating 
water meters is to install a tank near the meter and insert a tee-pieee in'fhe discharge 
))ipe from the meter with a branch pi[)e and valve leading to the tank. At any time, 
anil without trouble, the. discjiarge v.dve to the feed range may be shut, and the 
valve on the branch pipe opened. The t.uik can be filled and the volume of water 
. found by multii>lying the area of the tank by the depth ot the water. Thin figure 
converted into gallons should, of coursi', be/he same as indicated bv the meter clock. 
If the meter docs not measure correctly, it is of little value carefully to record the 
volume of water cva))orated every day. 

It has been mentioned that the duties of the laboratory staff include the under¬ 
taking of such investigations as may appear necessary from time to tune Such an 
investigation might be to a.spertain klie condition of the pipe covering, and the 
simplest way of determining whether the insulation on the steam j<ipes has 
deteriorated in any way is to compare the dryness of the steam at differt^iit points 
m the pipe line. This may be accomjilished by using a wire-drawing calorimeter. 
The apparatus is illustrated in fig. 15G. 

The operation is‘as follows: The steam pas.ses through the inlet valve; the 
pressure and temperature are shown on the gaifge and thermometer respectively, 
and should correspond according to the steam tables. The steam then passes through 
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a hole, iV inch in (hanieter, in a metal disc clamped between two flanges. In forcing 
its way through the small hole the steam becomes slightly superheated on account of 
the wire-drawing action of the disc, and the rise in temperature is proportional to 
the moisture in the steam. The outlet temperature is observed at the thermometer 
provided, and the steam leaves by a pipe 
sufficiently large to prevent an accumulation 
of back pressure. Since the accuracy of the 
results depends on the exit temperature of the 
superheated steam the apparatus must be 
well lagged. Tf S and L represent respectively 
the sensible and latent heat of wet steam in 
the main pipe, and T the temperature of the 
superheated .steam as shown by the outlet 
thermometer, then 


JfA'iiess ---- 


1051-,')-|-0-l()7 T-S 
L 
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An alternative method is to use a surface condenser calorimeter as shown m 
fig. 167. This can readily be made in the workshop. 

In order to ascertain the efficiency at uhkh a boiler is working^he following 
formuh'c may be used: 

Let W etpial the pounds of water evaporated per pound of fuel burnt. 

,, H „ total heat in one pound of saturated steam. 

,. hi heat in 1 pound of steam due to superheating. 

h' ., „ „ * feed water at inlet temperature. 

.. (' .. ,. fuel. 


Then thermal efliciency= 


\V(II-F)xlOO 


if steam is not superheated. 

W(n-F -1 S) 


If the steam is superheated, thermal efficiency = 

The evaporation of water per pound of fuel “ from and at 212° F.” is equal to 

W(H - r+S) 

• . 970 

The heat in 1 pound of steam due to superheating is equal to the degree of super¬ 
heat multiplied.by the mean specific heat at the observed pressure. 
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SECTION F.—UPKEEP OP POWEE UNIT 

CHAPTER XV 

INTERNAL INSPECTION 

We have been considering the application of the principles of scientific control 
to the operation of steam-raising plant. The object has been to set forth nil the 
items to which the engineer-chemist must give attention if he wishes to obtain from 
the boilers under his charge the highest efficiency of which they are capable. 

The capacity of a boiler plant is, however, limited by its physical condition, and 
no amount of good management will obtain the ))e.st results from apj)aratus which 
has been allowed to get into bad repair. Obviously, therefore, the engineer-chemist 
must tackle the problems of maintenance no less thoroughly than those of operation. 
Moreover, the vital question of safety is bound up with good maintenance. Even 
those who arc indifferent t(^ efficiency cannot disregard the possibilities of destruction 
involved in a boiler explosion; and in a way this is a good thing, for otherwise a 
good many boiler plants would never receive any attention at all. Eig. 168 shows 
the effect of a Cornish boiler explosion. 

In the case of machinery on board sliij) frequent Board of Trade inspections and 
Insurance sujvcys are compulsory and of great severity.^ On shore the only legisla¬ 
tion relating to the compulsory examination of boilers is that contained in the 
Factory and Workshop Acts, 1901 lyid 1907, Metallife-ous Mines Regulation Acts, 
1875 and 1882, and the Coal Mines Act, 1911. The Bftilcr Explosion Acl.s, 1882 and 
1890 provide for an official inquiry to be made after the event whenever a boiler has 
exploded. 

The gaps left by the Legislature haVe been filled by the insurance companies. 
Among the leading companies which have performed yeoman service throughout the 
period of their existence may be mentioned The National Boiler and General 
Insurance Co., Ltd., The Manchester Steam Users Association, The Vulcan Insurance 
Co.I Ltd., and The British Engine, Boiler, and Electrical Insurance Co., Ltd. 

In early days there was a tendency to tegard hbiler explosions as mysterious 
“ acts of God then followed a period in which various fantastic theories flourished. 
It was held, for example, that explosions were caused by the sudden destructive 
flashing into steam of water when it came in contact with overheated metal. This 
idea was responsible for a delusion that prevailed for many years to the effect that 
boiler explosions were always attributable to a shortness of water. Enquiries 

'■ Practical Advice for Marine Engineers, C. W. Roberta 
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instituted by the insurance companies have established the fact that boilers used to 
exjdodc because, owing to faulty workmanship, defective, scams and plates, or 
similar causes, they were not strong enough to withstand the pressure to wliich they 
were subjected. 

It was soon realized by the insurance companies that there only exists one 
method by which the problem of boiler maintenance can successfully bo tackled, and 
that is by regular iiisjieetion. 



t'ru l.'lS. -ItBSl'LTS Oh I'OllMSlI llhlll-rK Kxplomon. 


Successful supervision depends upon a detailed consideiation of every factor 
connected with the operation of the plant So, also, a high standard of main¬ 
tenance can only be achieved iiy very carefully watching each component jiart of 
the installation. The insurance companies cannot be continually exaniining a 
boiler plant, but they do the next best thing. They take very accurate records of 
every piece of apparatus, and by systematic periodical inspection keep the informa¬ 
tion right up to date,.so that the exact history of all the parts is known, at least 
for the period during which the insurance compaiiv has been concerned with them. 
The proceeding adopted by The National Boiler Insurance Company is as follows: 
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Every boiler proposed for insurance is carefully examined in every part, full 
particulars of its strncture taken, a drawing made, and its safe working pressure 
assigned. 

Afterwards, as long as the boiler continues to be insured, it is inspected internally 
every year, any defects which may show signs of developing being kept under 
observation and the result of wear and tear being carefully noted. In this way the 
strength of the boiler is at all times a known quantity, and if any part is found to be 
weakening, either it is repaired or the working pressure is reduced within the limits 
of safety. In addition to the annual internal and external examination when at 
rest, the boiler is examined externally when at work, the special object of this 
inspection being to ensure that the fittings, such as safety-valve, water gauge, feed 
valve, and so forth, are in efi&cient order. 

There are many plants in which, the suggestions of the insurance company are 
not adopted in their entirety, whilst many others are never inspected at all! The 
insurance companies are all private institutions, and it is therefore the more remark¬ 
able and praiseworthy that they can show such wonderful records. A glance at 
the statistics of boiler explosions in Great Britain for the last fifty years will fully 
corroborate the truth of this view. 

(a) Opening Up .—Boilers must be regularly opened for internal cleaning; how 
often will depend upon the ndture of the feed water and the amount of water 
that has been evaporated. The exact period can only be determined by careful 
observation and a general^consideration of all facts relating to the plant. 

Generally, the impurity of the feed water sets a limit to the time which can be 
allowed to elapse between cli^anings. The job should not be delayed for a longer 
period than is required for the formation of a scale -,V inch thick. The accumulation 
of scale is very undesirable, not only because it retards the rate of heat transmission 
through the.plates, but also because it prevents a thorough examination. As scale 
often conceals s 3 nnptonis of corrosion, it is possible for some part of a boiler which 
is not regularly cleaned to become sc* weak, due to a gradual and undetected wasting 
away of the metal, that a serious explosion may result. 

Certain precautions must be observed when preparing a boiler for internal 
cleaning. When the fires have died down, so that they will not increase the steam 
pressure in the boiler, the main stop-valve and any other steam connection taken 
from the boiler direct should be shut. The wheel should be taken off and sent to the 
store with a label attached, so that it may not be lost. As the boiler should cool 
down very slowly, two or three days should be allowed for it to do so. 

•When the boiler is cold the small cock on the.,pressure gauge, or any other 
fitting which is connected to the steam space of the boiler, should be opened. This 
procedure will serve a two-fold purpose. ■ On the one Land, if there should still be 
a slight pressure in the boiler, the mechanic will notice the steam issuing. On the 
other hand, if the steam has condensed, the air can rush in to destroy the partial 
vacuum thus formed. Pressure gauges cannot be relied upon ht very low pressures; 
they often indicate zero when theye is still pressure in the boiler. 

When the boiler is ready for emptying, the blow-down cook should be opened 
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and the water run out. If any vacuum has not been destroyed, as described above, 
the atmosphenc pressure will prevent any water leaving the boiler. Again, should 
the pre.s8Ute in the boiler happen to be equal to that of the atmosphere, although no 
cock has been opened to equalize the prc.ssure.s, the w'atcr wdl not run out of the 
boiler for very long. Soon a jiartial vacuum will be formed, and the atmospheric 
pressure will prevent the water from escaping. 

As soon as the boiler is emjity, the blow-down valve or cock should be .shut m 
a proper maimer and, in the case of a valve, the wheel removed and sent to the 
store to be kept with the steam .stoji-valve wheel. The feed-elieck valve should 
be tried to make sure it is shut, and the wheel removed also. 

Many times a feed valve has been thoughtlessly ojieiied whilst men were at 
work 111 a boiler, and deaths due to severe scalding have been tilt; unfortunate result. 
A smart man can qiiieklj' get out ol a t'ormsh Jioiler through the top manhole, but 
if he iS working in a marine boiler right ilown between the furnaces and has to elimli 
up between the tubes before he can reach the top, he may easily be suffocated by 
steam while trying to escajie. 

Boilers on shore may be emptied by running the water out as ile.scribe<l, but 
the blow-down valve of boilers on hoard shiji is always below the sea-water level. 
Ill that ease the water has to be ]mmj»ed overboard by drawing from the pipe system 
connected to the blow-down range (already referted to in Chapter 111., on the 
subject of circulating boiliT.s) and discharging overboard. 

In some ships the boiler water is absolutely pure, and the boiler is opcuied, not 
for cleaning, but only for nisjieetioii. I'nder .such conditions the water is often 
used for teedmg the other boilers instead of tliroauiig it away overboard. In 
that ease the pump draws from the same source as in the jircvioiis niataiice, 
but instead of the water being pumped hack into the same boiler it is forced into 
another one. • 

On most ships the boilers are blown down. In other words, tli(> water is blown 
out through a ilischarge cock in the ship's sides 

The practice of blowing down is gimerally followed on shore, and on account of 
the very limded time allowed for boiler cleaning often there is no alternative. Tlu- 
procedure is not good for the boiler, but the evil clfeets can be mitigated by allowing 
the pre.ssure to drop a little before blowing down.' 

The steam left in a boiler after it has been blown down must not be allowed to 
condense, and so form a vacuum. There are .several cases on record where boilers 
strong enough to withstand 180 pounds per square inch internally have, collapsed, 
due to aWospheric jiressiire externally. The load on a 3()-feet long by 8 feet 
diameter Lancashire boiler with, say, a net atmo.sjiheric pressure of 10 pounds per 
square inch—that is, 2t) inches of vacuum insiih* the boiler -will be sufficient to 
crush it out of recognition. 

Other methods of emptying are sometimes adopted when the tune available 
is very limited,’ but the boiler suffers severely when they are used, and they are 
heartily to be condemned. , 

1 Eiigiueerhfj, No. 21)81, p. 217. 
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The objectionable methods are as follows: 

1. Pumping cold water through the feed-check valve as fast as the hot water 
runs out through the blow-down valve. 

2. Blowing out the water under full boiler pressure. This is very bad for the 
plates and seams, on accotint of the unequal uontraction of difEerent parts of the 
mass of metal during the rapid fall in temperature. When this procedure is followed, 
the scale and deposit in the boiler become very hard, due to the dr)dng effect of the 
latent heat in the metal. 

3. Blowing down with full pressure and then allowing cold water to rush in. 
A boiler treated in this manner will “ leak like an old pepper box.” To illustrate 
the rapidity with which the change in temperature takes place the reader is reminded 
of the following elementary experiment. If a flask which has been filled with steam 
by boiling a small quantity of water is then inverted and the opening held under 
water, the water rushes into the flask almost instantaneously, the reasoh, of eflurse, 
being that on contact with cold water some of the steam condenses, creating a 
partial vacuum, and the atmosphere then rapidly forces more water into the vessel. 
As the water increases in volume the process of condensation is accelerated and the 
water rushes in faster. Applying the same principle to a case in which there is a 
boiler pres.sure of 180 pounds per square inch, with the plates at the corresponding 
temperature—namely, 380° F.- •we find that if water at a temperature of 60° 
is allowed to rush in, the initial drop in the temperature of the plates is 320° 
in about as many seconds. 

It is also bad practice to use air to cool boilers rapidly by fixing a canvas shoot 
in the fan discharge casing of tjic forced draught system and inserting the other end 
in the bottom manhole. The boiler is certainly rapidly cooled, but it suffers in 
proportion. 

When theboiler has been open for a day or two and is at atmospheric temperature, 
the matter is quite different, and artificial ventilation can well be adopted on a hot 
summer day, or on board ship in the tropics, when w>th a squad of natives chipping 
inside the boiler, the atmosphere tends to become overwhelming. 

Thcj^ importance of destroying any vacuum nas been emphasized, because neglect 
of this precaution is constantly causing accidents, attended with grave danger to 
limb and life. 

When opening a manhole the men should always work from the side, and never 
sit, kneel, or stand immediately in front of it. The proper procedure is,to attach 
the manhole cover to a rope, take off the dogs and, with a long rod or piece of wood, 
to knock in the cover. Manhole covers invariably stick to the boiler. Th'is is due 
to the nature of the materials used in making the jouit. 

Cases are on record where, the vacuum in the boiler not having been destroyed, 
men kneefing in front of the manhole lost their balance when the cover, held up by 
the adhesion of the joint, suddenly gave way. These unfortunates, pressed by the 
atmosphere on to the opening in the boiler, received injuries too awfUi to describe. 

When the boiler has been opener,!, the engineer-chemist should thoroughly inspect 
it both internally and externally. He should make very careful notes about the 
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condition of every part, and then give his orders for the work to be done. In this 
way much time will be saved, as, if repairs arc to be executed, the boilermakers will 
not appear on the scene before the scaling is finished, br while the cleaners are still 
at work getting the plates into a fit conditioli for work to proceed. 

It is the engineer-chemist's duty to give detailed instructions regarding any 
necessary repair work on the mechanical stokers, etc., and to see that any of the 
mountings or their component jiarts that require attention are taken to the workshop, 
where they can be efficiently handled. He should not tolerate such unworkmanlike 
scenes as a fitter struggling with a pair of foot-prints m one hand, trying, with 
a spanner in the other laind, to slacken a tight nut on a stuif, when the job would 
be done in a fraction of the time by putting the .stud in a vice. 

Slovenly practice, such as taking valves adrift and placing the component portions 
in a corner, on the boiler, or in a jacket pocket; cannot be too strongly discouraged. 
Water gauge, valve, cock, or whatever it may be, should be taken into the workshop, 
where any ivork that may lie nccc.ssary can be done properly at a bench. Faulty 
workraanshi]), or the admission of dirt, may mean that the boiler has to be shut 
down after restarting, and the ]ob done over again, with a conseipicnt waste of 
time and money. 

From his notes made whilst thd boiler was in ojieration, tlie engineer-chemist 
will know jii.st what work requires to lie done when the tune arrives for it to be 
cleaned. 

Before the inspection takes place the boiler should receive a preliminary cleaning, 
involving the removal of all matter from the grate and a.sh pit. In the I'asc of 
Lancashire boilers it will also he necessary to sweep-Slway all the soot in the boiler 
flues, clean the a.shcs away from the blow-down v.alve, etc. The inspection to 
detect corrosion is of a dillcrent character, and <‘an only be undertaken when 
all parts have been thoroughly cleaned. In any case, work attcmiifed amidst 
discomfort and uncleanliness will be unecononucal in the long run. Some of the 
specific troubles arising from the admission' of dirt have .already been indicated. 
Cleanliness should lie the watchword of every enginecr-cheinist. A general idea of 
the conditions necessary for a proper inspection is given in the following general 
instructions: 

1. The boiler should be accessible, cool, dry, and clean inside. 

2. The plates and flues should be well cljancd of soot. 

In order properly to fulfil these conditions the boiler should be opened out, 
cleaned, and scaled; doors of manholes, mud-holes, and hand-holes taken off; firebars 
removed, and, in the case of Lancashire boilers, the firebridges if of-brick; all 
connections opened out; safety-valves taken adrift, cleaned, and readjusted. Where 
necessary, brickwork must be removed for the purpose of inspection of the vital 
parts of the external surface of the boiler. The cones or caps of the fusible plugs 
must be taken to pieces and cleaned for examination. The cleaning plugs of the 
water gauges will be removed and the passages thoroughly cleaned. 

In detailing the items which require special attention in connection with each 
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of the various parts ijf is somewhat difficult to distinguish between internal and 
external inspection. The plan here adopted is to regard internal inspection as 
concerned with all parts in contact with water or steam, whether the inside or 
outside surface is being examined. Thus, the boiler brickwork of water-tube boilers 
has been included in external inspection, although, to perform the inspection, it is 
necessary to “ go inside the boiler.” 

(6) SheU .—The first part of a boiler to be inspected is the shell, which includes 
plates, scams, internal fittings, stays, and, in the case of tubular boilers, the smoke 
tubes. 

The only instrument really required for boiler-cleaning is a wire brush, and 
hundreds of boilers never receive any other treatment than a sound brushing. 
These, however, are a minority. In a vast number of cases scale forms as a restdt 
of the use of impure feed water, and this must be removed by mechanical me^s or 
by hand chipping. In the old days there were numerous superstitions concerning 
the alleged beneficial effect of potatoes, tan-yard refuse, etc., in preventing the 
formation of scale. 

On the subject of scale removal it should be stated that the use of boiler fluids 
18 quite unnecessary, and mosb objectionable, being a lazy man’s way of trying to 
achieve results by a short cut. IJoiler fluids almost invariably contain caustic soda, 
a little tan-yard refuse and much water, which are sold in fancy containers at fancy 
prices. If caustic soda is to be introduced into a boiler—which is bad practice and 
only justifiable in very exceptional circumstances—it is safer, and incidentally 
much cheaper, to buy the raw material and apply it in a known quantity, than it 
is to use boiler fluids of unknown strength according to instructions prepared by 
manufacturers interested in selling as much of their product as possible. 

One boiler^ fluid which was said to be superior to any other product of its kind 
on the market contained some kind of refuse from oil distillation, and, when 
dissolved in petrol, gave a liquid simil^. to engine oil. The result of using such stuff 
can well be imagined when we recall that it is an important part of the engineer- 
chemist’s duty to prevent the least trace of od from finding its way into a boiler. 
The pri*je paid for the experiment by the owners of one set of boilers into which 
this compound was introduced amounted*to the cost of expanding 320 tubes. For 
purposes of the final inspection for corrosion, the whole of the interior of the boiler 
must be absolutely clean, and as most boilers are covered with scale, this has first 
to be removed. * 

Where labour is cheap the scaling may be done by engaging a squad of men who 
remove the scale by tapping the plates with ftnall hauimers. Frequently the scale 
is very hard, and as the work does not proceed fast enough the men use sharp tools 
which injare the surface, offering every inducement for corrosive liquids to enter 
the grain of the metal. High wages and a general desire for “ speeding up ” all 
round have led to the use of scaling machinery. 

A large variety of power took have been perfected in order to facilitate the 
rapid removal of scale from the mahy types of boilers in use, but the “ Skatoscalo ” 
range of scaling took made by Messrs. Frank Gilman (B.S.T.), Ltd., k designed to 
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meet every boiler scaling and rust removing requirement. The tools are either 
pneumatioally, eleetrirally, or petrol driven, and are made in a variety of patterns 
for removing incrustations from both flat surfaces and lubes. 

Fig. 159 shows some types of pneumatieally driven tools. Type “ A ” is made 
in various sizes for scaling Lancashire, Cornish, marine, locomotive, vertical, and 
other boilers. Tyjic “ E " is designed for use with Babcock, 
Stirling, AVoodcson, Climax, Bellevilh', and all tubular boilers, 
also for evaporators and economizers. A special design, type 
“ AA,’’ the main feature of which is a long chisel-headed 
piston, has been found of great value where it is required to 
remove extra heavy incrustation. Tim principle of action 
upon which tlie.se tools work is that of a jiistoii or pistons 
with staggcreil heads, operateil bv compressed air and 
delivering iqi to 10,0(10 blows a minute on the face of the 
.scale. 

AVhen no air eompresaing plant is available, the electri- 
callv or petrol-driven tyiies mav be used. The working, 
firineiple of both of these, whieli differs from that employed in 
the pneumatic type. IS that *t a revobing head with cutter 
wheels or wire brushes driven from the jiower unit by means 
of flexible shafting. Tin* action of^the scaling heads is that of 
ellective utilization of cenfrilngal force The three cutter 
wheels in the hammer head mechaiiism ha\e large liorcs, and 

-hang loosely upon the bolts. When the head is revolved 

^ rapidly thc.se cutters fly out with gre.at force against the scale. 

The jietrol-driveii apparatus consists of a tW(.\-strokc petrol 
engine, dcvciojniig up to til h.p., and driving a flexible shaft to 
the end of which is fixed.the scaling head. Thisafiparatiis has 
been found of special value tor use m districts remote from 
any source of power siifqily. 

The electrically driven apparatus, shown m fig. IfiO, is a 
portable, unit consisfing of a small electric motor of IJ h.]i. 
(any voltage), and can be fitted ready for use to any lighting 
or power installation. 

In the case of Lanca.shire and sinular boilers the first belt of 
the shell jilate should be very carefully cxaimne»l for jutting, 
especially round Ihe blow-down cock. Fitting may be local, or 
.'er a wide area. It shows itself by holes in the jilpte. These 
Host frequently they arc close together, and 
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it may be spread 

may be close together or far ajiart. 
are small and deep, rather than large and shallow, although their size varies 
according to -the nature of the feed water and the quality of the steel. The 
smallest are no larger than a pin hole. ^ 

Pitting is ap example of corrosion by oxidation, and the remedy is to clean the 
part thoroughly. Every trace of dirt, scale, grease, etc., should be removed, and 
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the plate affected shqjild be painted with a thin cement wash. The same place must 
be very carefully examined the next time the boiler is opened. 

Another place at which pitting is often found is at the water level of the boiler, 
along both the sides and end plates, "it is here that the air escapes from the water, 
and the liberated oxygen in its 
nascent condition is very power¬ 
ful. A thin scale, about ,iV inch 
thick, which has intimately bound 
itself to the steel plates, is the 
best remedy for boilers troubled 
in this way. So thin a scale 
will not interfere greatly with the 
steaming capacity of the boiler, 
but it is absolutely necessary to 
make sure that such a scale is 
a real ingrained protective cover¬ 
ing, and not a rn.sual coating 
which can easily be removed^ and 
underneath which corrosion n^y 
go on unseen. 

In water-tube boilers the flanges of the drum end plates require careful examina¬ 
tion as they often show signs of grooving, though this frequently proves exceedingly 
difficult to detect, firstly, because the drums are relatively small in diameter, and 
secondly, because the grooving is invariably of the hair-line variety and nearly always 
appears right at the root of the flange. Should there be the slightest sign of hair¬ 
line grooving the engineer-chemist must make a minute examination of the bend 
of the flange, remembering that the end plates are never stayed. These hair-line 
grooves may be cracks going right ^through the plates, and if their discovery is left 
until a plate blows out, the damage may be very serious. 

Whilst making an inspection of the shell plates the seams must be closely 
examined. The very high stresses set up when too rapid cooling or faulty circulation 
causes wide differences of temperature^n the various parts always affect the seams 
(if a boiler. Corrosion due to galvanic action between the shell and the butt straps 
is also common, the two plates seldom being of a homogeneous character. Another 
form of corrosion is that known as grooving, which frequently runs right along a 
seam. • 

Mechanical straining due to unequal expansion is an item quite by itself, and 
must not be confused with fatigue due to a constant strain produced by alternate 
heating and cooling or by subjection to high and low pressures. For instance, the 
angle ring whereby the front plate is attached to the shell of a Lancashire boiler 
will, in at least one installation out of every four, be found grooyed as a result of 
stresses set up by the difference in expansion between the flue and the shell. 

In order to overcome the thiust of. the flues held rigidly between the front and 
back plates of the boiler, some makers introduce into the furnace a number of hoops 
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which take up the expansion. This is not sufficient, because the hoops in themselves 
are too stiff, and the proper method is to make putt of the flue corrugated in exactly 
the same manner as marine boilers are filted with corrugated steel furnaces. An 
example of such a boiler is that manufactured by Messrs. John Thompson of 
Wolverhampton, as shown in fig. ICT. 

Whilst examming the shell the engineer-chemist should look at all openings for the 
boiler mountings and fittings, with special reference to the gauge glass holes, to make 
sure they ate perfectly clear. Cocks are often screwed into the shell, and, being 
made of brass, these corrode fairly rapidly. All such fittings should be fixed by a 
flange and four f-inch studs, but where the screwed type is used the engineer-chemist 
should satisfy himself that the thread is sound, and that then* is no danger of the 
cock being blown out. >Salinometer cocks arc often a source of trouble in this 



respect, and tiie nut on the inside is not .sufficient protection against either Iccking 
or a “ blow-out.” 

Should any patches or caulking be ncce.s.sary the work must be done in a proper 
manner. Disastrous explosions of steam boilers have rejieatcdly occurred shortly 
after repair^ have been carried out, owing to these having been executed in an 
injudicious or defective maimer. It is therefore important that .special attention 
should be given to repairs in order to avoid any risk of disaster. 

The whole of the defects should be considered so as to determine to what extent 
plates require renewal, patching, or other repairs. Thus, for instance, a plcte may 
be seriously defective in one part, and there may be slight defects in another portion 
of it; if the worst part only be repaired, it is possible that the less serious defects 
may develop, and the plate may have to be renewed in a year or two. Under such 
circumstances it will often be advisable to reneir the plate forthwith. Repairs 
must always be ekecuted by first-class workmen under competent supervision. If 
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a boiler is generally deteriorated, it is best to substitute another boiler for it rather 
than attempt to repair. 

When repairs are in hand all the fractured, thinned, brittle, or otherwise defective 
plates should be entirely renewed. If the boiler is old, or the rivet holes in the 
plates adjacent to those removed be damaged by the removal of rivets or otherwise, 
the old line of rivet holes should be cut off and fresh holes made. The new plates 
should be carefully fitted to the proper curve or shape, in order to retain the shell 
or tube, or whatever part is under repair, in proper form. 

Generally, the best quality of plates to use for ordinary repairs will be acid open 
hearth mild steel of a soft quality, such as that used for the furnaces of new boilers, 
say 24 to 28 tons ultimate tensile strength, with an elongation of not less than 
23 per cent, in 8 inches.^ 

In repairing shell plates especially, care should be taken to avoid weakening the 
boiler by the adoption of a weaker riveted joint. The longitudinal scams should be 
arranged to break joint, and the riveting of them should be at least as strong as the 
original seams. Old rivets should always be drilled out where the plates are brittle, 
or where the rivet holes are suspected to be unfair, or the plate laps are scanty. 
This particularly applies to the longitudinal seams of boiler shells. Drilled rivet 
holes are the best. The “ drifj ” should not'be used to open out holes which are 
not fair, but the holes should be rimered out and larger rivets used to fill them. If 
all the holes are bad, the plate should be condemned in preference to spoiling 
the work. 

Caulking should always be done by a qualified boilermaker. The dangers arising 
from the employment of unbilled labour are intensified when pneumatic tools are 
used, because the power is not limited like human power, and much damage can be 
done by a long-continued series of powerful strokes on a badly plated seam. The 
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tool used, and the angle at which it is held, vary with the angle of the slanting 
edge of the plate. If the tool is held horizontally, not only will the edge of the plate 
swell up, but the lower plate will be scraped up, forming a small ridge. Fig. 162 
shows a,caulking tool in position for caulking a thick boiler plate. 

Where test holes are required to determine the depth of grooving or fracture in 
flanged end plates a special core drill may be used with advantage. Fig. 163 shows 
a drill made by the National Boiler Co., Ltd. ' 

1 Design, Comtrvcliou, and Work^ of Vessels Subjected to Steam Pressure, National Boiler 
and General Insumnce Co., Ltd. * 
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The core drill takes out a small core from the grooved or fractured part, and the 
core can then he closely exammed to determine the depth of the defect, and the 

amount of sound metal remaining. The 
hole left by the core, drill is suitable for 
tapping J inch gas thread to admit of a 
serewed plug being inserted. 

Kig. I (i f illustrates grooving of a 
furnace flange of a Lancashire boiler 
(or in a flanged end ))late). and shows 
how, bv use of a core drill, the core 
containing the groove or furrow is left 
nntouehed, and proves the actual dejith 
any fracture below the groove penetrates 
into the solid metal. 

The internal fittings are (1) steam or 
aiitipriming pijie, (2) feed Jiipe. (3) high 
and low water alarm uitli floats, (4) scum 
troughs, (.'i; hangers uitli xiric |>lates: 
((i) patent eireulating devices. (7) patent 
ant icorrosive devices. 

The sle.im and feed pipes should be 
e.vamiiied lor corrosion, and to see « hetlier 
the supporting clamps and holts are in 
good condition 

The high and low water alarm floats, 
although protected by special treatment 
of the metal, are liable to eorroile. If 
this occurs, water may lind its uay 
through a jiin-hole, and the a])paratus 
be thrown out of balame. When there 
IS no water in the boiler the float tmght 

tf. fall and lift the valve. If the float 
Fio. Ht(.—T he N.\Tins,vi. J'ati.nt Coke , , , , . , ^ 

liniLi, has become corroded it may lose its 

buoyancy or stick, and fail to shut the 
valve, although there is plenty of water in the boiler. 

Kcum pipes .should be fitted with troughs or pans which can easilv be renewed, 
as these corrode rapidly. If tin? ])ipe itself is corroded below water level it will serve 
only to draw off good water, which will enter at the point of corrosion to t he exclusion 
of the scum winch it is intended to carry away. ■’ 

Many boilers are fitted with zinc slabs rigidly fixed to the stays by means of 
special hangers.^ It is absolutely essential that the hanger anil stay should be 
polished perfectly bright, when the hanger is fitted, to ensure proper metallic contact. 
Fig. 166 shows a zinc hanger in position for a loiker stay or between two furnaces 
or combustion chambers. 
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What really takes place is not known. There are several theories and a con 
flicting mass of practical evidence. Whatever the explanation, the zinc disappear: 
more quickly than when subjected, to electro-chemical disintegration elsewhere 
That the slabs have a very beneficial effect in retarding corrosion in boilers suppliec 
with pure condensate has been proved, but their behaviour in other respects ii 
uncertain. Suspended in various parts of a boiler, they sometimes turn black ii 
colour, but retain their size; at other times they become covered with a hard scale 
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and corrode very thin round the edges; in some positions they completely disappea 
If old slabs, cleaned free of scale, are simply thrown into the bottom of the boile 
they disappear by the time the boiler is again opened. » 

The remaining internal fittings consist of patent circulators and patent ant 
corrosion fittings, such as iron baskets, filled with metal, suspended in the upp 
part of a boiler, and connected by copper wires to steel studs fitted to the loW' 
parts. Their actions are obscure, and the wires are apt to be very inconveniei 
when working in a boiler. 

Marine, locomotive, and vertical boilers are fitted with stays, and these must 1 
carefully Examined every time the boiler is open.‘ Stays are of'different sizes, ai 
vary from the small screwed stay in a locomotive firebox, as fitted to wagons, 

• • .'1 Manual of LocomoHi'e Engineering, W. F. Pettigrew, 
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the large bar stays of the marine boiler. Small screwed stays, as fitted to fireboxes 
of locomotive boilers, often corrode by grooving, or snap from brittleness and fatigue 
of the metal. The vibration to which the metal is subjected whilst under stress 
plays a considerable part in inducing fatigue. Fig. 1(16 shows examples of fractures 
in small screwed stays. 

When these stays break, a proportionate part of the plate remains unsupported, 
and the neighbouring stays have to take the extra load. If they are also corroded 
they may fail under the extra load. The unsupported plate bulges out, and if the 
stress is too great it tears, and the result is an explosion. The result of such an 
explosion is shown in fig. 107. 



FlO. 165.—ZlNCilANOliSiSUlTASI.l!: FUK(r,AMI’lNG Flfl 106--KhACTI REH AND COR- 

TO THE Stats op a Marine Boiler to rosion op Small Screwed 

PREVENT (lORROSION OP THJ. OoMRLSTION STAYS. 

Chamuee Plates. 

In marine boilers the combustion chamber plate very often corrodes, and the 
extra stress on the plate is not <luc to the stays breaking, but to the fact that they no 
longer have a hold in the plate. Fig. 108 illustrates this kind of corrosion. 

The usual method of examination is to sound the stays by tapping with a hammer 
and noting the “ ring ” of the metal. When possible they should he inspected 
visually or with the aid of a mirror. In some cases a hydraulic test will deffect the 
plate, and a distinct bulge is noticeable. 

In view of the very high temperatures obtained in marine boilers working under 
forced draught, and e.specially in the case of oil-fired boilers, the nuts of all stays 
supporting thh back combustion chamber plate must be suitably protected. Fig. 169 
shows the JSgis stay nut protector made by Messrs. Christie and Dickinson. 

. The protector of fireclay or cast-iron has an inside thread corresponding to that 
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of the iron ring shown in fig. 171. Without removing the stay nut a slot is cut in 
the nut as near as possible to the front (see fig. 170). 

The helical iron ring forming a thread of |-inch pitch is hexagonal inside to fit 
over the nut; the protector is therefoije mechanically fixed, and cannot shake oil. 

To support the front tube plate of a maripe boiler some of the tubes are made 
thicker than the ordinary boiler tubes, and are screwed at the ends. These tubes 
are called stay tubes, and are generally twice the ordinary thickness.^ In addition 
to being screwed into the front and back tube plates, the outside tubes are often 
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fitted with a nut. The chief characteristic of these tubes is that bfith ends ar( 
swelled, the front more than the back, to facilitate removal, and the thread mus' 
be continuous, so that when the tube is being screwed into the front plate it al8< 
enters the back plate. 

Lancashire boilers are fitted with plates situated radially and secured by angl 
irons to the shell and front or back plate. These plates are known as gusset stays 
Their function is to stiffen the end pktes, and also to transmit t^je load on the em 

1 “Mild Steel Tubes in Compression and Under Combined Stress,” W. Mason, Tram. Irm 
Mech. JSng., p. 1206, 1909. 
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plate to the shell. All the rivets should be carefully inspected to ascertain that they 
are not loose, and the joint between the angle iron and shell or end plate should be 
examined for leakage. 



t’lO. IfiS.- -CuRBOIIlie (JllMBI SItOX (.'HAJIBCU I'K! lUO 'I'UK “ .VlXlI.S " STAY NlT 

l»I.ATE. I’BIJI’BtTDK. 

Hoilers fitted with smoke tubes re(|uire special attention to make sure that none 
of the tube.s are corroded. Marine boilers fitted with Ifowdeii's patent .system of 
forced draught lia\e spiral retarders in each tube, and these niiist, of course, be 
removed first in order to clean the tubes in a manner fit for an e.\ainination to be 
made. Deterioration generallv takes jilaee at fhe mouth of the tube, edher at the 



Fi<>. 170. -Slot nr is Stai Nit to Fro 171.- Hkmcal Ijio.s IUno fokmincj tub 

UEOBivh Spkcial Kino " TiiuivAu suai-fd to kit oa m i iik Stay Ni t. 

back end, where cxce.ssive heat is the cause, or at the front end, where rajiid thaiige 
in temperature must be held responsible. 

In marine boilers worked under forced draught there is no possibility of ait leaks 
like those experienced with boilers which ate .surrounded by leaky brickwork walls. 
Hence the former are subjected to very intense heat'of combustion. The hot gases 
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leaving the furnace enter the combustion chamber, and, sweeping upwards, return 
through the smoke tubes. If there is much scale round the necks of the lower tubes, 
both tube and tube plate will suffer from the intensity of the heat. To protect the 
tube ends, caps are often fitted, as shown in fig. 172. 

The front ends of the tubes generally suffer from rapidly 
alternating temperatures. 

It is a common practice to open the smoke-box 
doors in order to deprive the boiler of all draught, and 
thus to cool it rapidly, so that tube cleaning may com¬ 
mence with as little loss of time as possible. Cold air 
rushes into the smoke-box, and the comparatively thin 
metal of the tubes (,'V inch thick) contracts very much 
more quickly than the thick tube plate (about 1| inch 
thick). The result is that the tubes leak and are 
re-expanded, and the metal is unnecessarily stressed. 

Leaky tubes in some cases may also be attributed to accumulation of scale between 
the tubes. As it is a tedious and difficult proceeding to clean all the boiler tubes, 
the work is often performed unsatisfactorily, but if a boiler is properly looked after, 
no such scale will collect. ' , 

When a tube Iciiks a tube stopper is used. Wg. 173 shows an ordinary tube 
stopper, consisting of two blind flanges placed at either end of the tube and connected 
by a long bolt. 

To install this a man must, of course, get into the combustion chamber or “ back 
end ” for the purpose of putting the blind flange on to the bolt and screwing up the 



Fta. 172.- Cap to pbotkct 
Tubs Kni> khom bkcom- 

INO lU’UNT. ’ 



Kia. 173 .—A.n Okdinaky Tube Sh^ppeb fob Blockiso off I.eaky Tube. 


nut where it projects beyond the back tube plate. Although this unpleasant task 
has been performed thousands of times by pushing a man on a plank into the furnace 
whilst the boiler has been in operation, and drawing him out after a couple of minutes 
to let another man " have a spell,” the work, even though necessary to keep things 
going, can only be described as “ hellish.” To avbid the necessity of such per¬ 
formances, patent tube stoppers were introduced, and these consist of two cones of 
soft metal held between plates screwed on to a long rod. Between the two pieces 
of metal, and acting as a ferrule, is a long pipe, through which the rod passes. By 
holding the pipe—that is, the distance piece—and screwing up the rod, the soft 
metal is compressed and blocks the tube at the front and back ends, imprisoning 
the water. ' 
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As soon as possible the leaky tube must be taken out, and a new one inserted, 
because the screwed rod has sometimes failed as a result of excessive tensile stress. 

The boiler pressure tends to force the two metal cones 
apart., and one end has been blown clean through the 
smoke-box door. 

If a tube leaks, and this is not stopped, the tube 
plate will start corroding, as shown in fig. 174. 

(f) Parts Subjected to High Temjyeratures .—In the 
cvlindricid boiler it is the furnace that is subjected to 
the highest temperatures; in water-tube boilers it is 
the front rows of tubes, and in locomotive boilers it 
is the firebox. These parts reijBire special attention 
on account of the ,very severe conditions under which 
they work. 

Furnaces may be plain or corrugated, but in all 
cases they must be tested with the view of ascertaining 
whether they have lost their tnie circular shajie. If 
three plain centre punch marks he made m the lower 
half of a furnace, one end of a telescojie gauge can be 
inserted into one of them, and the other end adjusted by working to the right and 
left ami backwards and forwards until the maximum diameter is found. The three 
punch marks should be made 
so that the gauge will be 
vertical, 30° to the right, and 
30° to the left, as shown by 
the full and dotted lines in 
fig. 175. 

An orthnary gauge made m 
the workshop may be used' 
but the illustration shows the 
patent “ Clyde ” gauge made 
by Messrs. Dobbie, Meinnes 
and Clyde, Ltd., which is 
fitted with a special indicator, 
whereby the deflection of the 
furnace is read on a brass plate 
without any trouble. Along 
the furnace a series of points’ 
should be marked an equal 
distance from one another, 

fiirnjiccs &r6 imuffsd 175 «“”Thr Clyde CxAuoe for ^(easitrino 1*urnace 

^ ® Deflecmon. 

every six montas and the 

results tabulated, the behaviour of a furnkce is known. 

Outside, the furnace should be examined to see that it is free of all scale and 




i'lO. 174 --(Vjrrodld Tl DF 

PlATK. 
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grease. Due to the high temperature on the fire side of the plate the transmission 
of heat through the plate must be very rapid, and that means that the water must 
absorb this heat immediately; otherwise the furnace will collapse. In order that 
the water may absorb the heat rapidly,* the steam which is constantly being formed 
must leave the hot plates quickly, and this wtU not be the case if the plates are 
covered with scale or a film of grease. The effect of scale is shown in fig. 176. 




Fig. 176.—^Fcbsacb Djsfobmbu, uue to a 
Dkposit or 8oalb. 


Fig. 177.— Fuiinace llEruKMEu, due to a 
T lErosrp of Urease. 


Mr. E. 6. Hiller, in his book Working of Steam Boilers, when describing the effect 
of feed water contaminated with oil or grease with or without an admixture of 
deposit, says: 

Under such circumstances two actions would appear to take place—the oil 
or grease apparently forms a qon-conducting film round the furnace, and the mixture 
of the oily matter and deposit in the water thickens the water, increasing the resist¬ 
ance to the escape of steam. These actions result in the formation of a more or less 
continuous lij.yer of steam round the furnace, checking the tran-smission of heat, 
causing the bulging in of the furnace sides and the crown.” 

Fig. 177 illustrates this phenomegion. 

In order to prevent accidents from the overheatiiig of furnaces when the water 
becomes low, fusible plugs are often 
fitted in the crown near the back 
end of the grate (see fig. 33). These 
fusible plugs should be properly 
cleaned at the same time as the 
boiler. If this is not done, a thick 
scale will form on the water-side of 
the plug, and an accumulation of 
hard deposit will be found on the 
fire-side.* Fig. 178 shows a fusible 
plug which has been neglected. 

A plug in this condition would 
probably become overheated when there was no shortage of water. After studying 
the exact requirements which must be fulfilled to secure efficiency, the National 
. * Working of Steam Boilers, E. G. Hiller, 



Fig. l78 .—Neolecteu Fusible Plug. 
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Boiler Insurance Co., Ltd., have patented a series of fusible plugs which give 
excellent results in practice. They have undoubtedly saved many a delicate 
situation from developing into a disaster. 

The metal along the level of the firebars needs careful examination for signs of 
wasting such as are shown in fig. 179>. 

The flues of Lancashire boilers are generally fitted with expansion hoops, as a 
substitute for corrugations hi the furnace, to allow for the expansion and contraction 
of the flue. These hoops are very liable to become pitted. If a flue shows any signs 
.of corrosion it must be extra carefully watched. 
Patching a flue is at best a makeshift, and welding is 
very undesirable. Where the trouble is at all serious, 
good practice calls for the fitting of a new flue. Should 
it be decided, hoicever, for some reason or other to 
repair the flue tubes special consideration must be 
given to the question of compensating for any weaken¬ 
ing of the tube which may be caused by the removal of 
strengthening hoops, flanged scams dr cross-water 
tubes. Flue tubes of ,the flanged .seam type are 
frequently of adequate strength without cross tubes, 
but the removal of cross tubes from plain furnaces 
weakens them seriously, and has resulted in collapse. 
On no account should the Svater tubes be dispensed 
with in Galloway and similar typos of flue tubes, as 
these depend for their strength on the cross tubes, and 
are dangerously weakened if they arc removed. 
Extensive grooves in the roots of furnace or flue tube 
flanged seams generally necessitate repair* by cut-out 
flanged patches applied on the water-side, the defective 
pqrts being cut out to avoid a double thickness of plate 
and to obtain external caulking edges. 

riu. l/If-» OHKaaillN AHJIStlTUK ( ^ ^ r» c> 

Use of Tiffl j-'ibebirs. In connection with the fitting of new' flues 't may 

be of interest.-to recall that the fronts of furnaces 
fitted to marine boilers are circular and the backs are pear-shaped, with the 
bottom radius less than that at the front end. IVhen a furnace has been pulled 
out a certiin distance it is lifted at the front. If properly slung it can easily be 
withdrawn from the boiler. Flues or furnaces which are shown, by the results 
obtained when gauging, to be slightly out of shajie may be reshaped by the 
judicious use of packing and a screw-jack. The work must be done very care¬ 
fully, and if it is only the crown that has collapsed slightly, it is essential to provide 
proper support between the bottom of the flue and the boiler shell. 

Furnace flanges often develop severe grooving. The metal in this case is 
furrowed with ilarrow V grooves, which in course of time become fine cracks. Two 
distinct types of grooving are shown in fig. 180. , 

The depth of cracks may often be determined by drilling a small hole, examining 
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the interior, and then fitting a tight stud neatly. It is essential that the surface 
should be filed perfectly smooth after completion of the job. 

Oil is largely used as a fuel on board ship, and this has changed the conditions 
under which furnaces in marine boilers.are operated. 

The lower half of a coal-fired furnace serve* the 
purpose of an ashpit, and the quantity of heat 
transmitted downwards through it is at the best of 
times comparatively small. As soon as the fires get 
low, circulation stops altogether, and large pockets 
of cold water collect. With oil fuel there are no 
firebars, and the whole of the furnace is efficient 
heating surface. Consequently a risk of scale de¬ 
positing in the very narrow space between the 
* underside of the furnace and the boiler shell is 
increased. 

In water-tube boilers the tubes nearest the furnace do as much work as all the 
remainder, and are particularly liable to acquire a deposit of scale-forming matter, 
if the feed water is not pure, bj- reason of the intense heat to which they are subject. 

Tubes may also develop serious bulges as«a result of overheating, duo to bad 
circulation of the water. Grease and oil are the greatest enemies of the water-tube 

boiler, and the thinnest film will 
cause the burning-out of a tube 
in a short time. When new 
boilers are erected it is of the 
greatest importance to see that 
all grease that may have been 
applied to any part to prevent 
rusting is thoroughly removed. 
In the multiple drum type of 
water-tube boiler which has 
curved tubes, such ac the Stirling 
boiler, sediment often collects in 
the bends, as shown in fig. 181. 

■■ In making a proper examina¬ 
tion of water-tube boilers of the 
header type, such as the Pabcock 
and Wilcox boiler, the initial 
procedure is the same as in the 

Tio. 181 «--Cou.eotiok of Sbdimisnt nr the Citrved case of a Lancashire boiler. The 
TnBB.s OF A Watee-Twbe Boileb. following additional preparations 

Anust be undertaken: 

All the caps at both ends of the tubes should be taken off, and the tubes and 
headers thoroughly cleaned of deposit. The mud drums should be opened and 
cleaned. It is recommended that the mud drums be bared of brickwork at each 
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internal and external inspection. For internal and external inspection, and at each 
cleaning time, the cleaner .should be passed tlirough every tube, and special care 
should be taken to ensure that there is a clear “ full bore ” waterway through every 
tube, particularly in the case of curved tube boilers. Great danger of explosion is 
incurred if this precaution is neglected. The flues should be made accessible at all 
parts, and soot removed. The water tubes and the plates of the steam and water 
drums should be well briLslied. Any damp brickwork or damp top covering should 
be taken up for the examination of the plates beneath. Some boilers have .inner 
circulating tubes, as, for instance, the Kiclausse boiler, and in sucli^ cases these 
should be removed. When any tubes are renewed opportunity should be taken to 
examine the thickness of the header. When examining the- nipjiles connectmg 
the headers to the steam drum it should be remembered that the nipples carry the 
whole weight of the tube elements. r 

In water-tube boilers the tubes of which are expanded into front and back ' 
headers the lower tubes sometimes suffer from the peculiar phenomenon known as 
“ hogging.” Tlie boiler tubes are distorted to an arc of a large radius, but the 
deflection is upwards instead of downwards. This is due (o the intensi' heat to 
which the tubes are subjected when the boiler is working. As a general rule, this 
condition occurs when the feed water is impure or the boiler has been overloaded 
for a long time. When all the caps are off, the engineer-chemist must himself 
look through every tube, whilst an assistant holds a lamp at the other end. 

It IS a good plan to withdraw at least one tube at edch in.sj)ection ami to cut it 
through for the purpose of a.sceTtaining the e.xact thickness of the (le|>osit. Unless 

one IS constantly engaged in stich work, a 
slight rise m the centre, denoling an increase 
ill the thickness of scale, will escape the eye, 
The tubes sometimes develop blisters, generally 
on the outside. A .small bubble of air or gas 
remains itnprisoned when the tubes are rolled, 
and later, when overheating occurs, the gas 
expands, forcing the metal outwards^ The 
origin..and development of such a blister are 
shown in fig. 1 fl2. 

As already stated, the caps should be carefully cleaned, and, before, replacing, 
each cap,''olamp, and bolt should be examined for fractures or wear. Where a cover 
joint leaks it may be an indication of either a defective bolt or clam]). Tbe joints 
themselves must be inspectcd,to see Uiat they are in perfect condition. Should any 
of the joints leak and not “ take up ” when the boiler is restarted, no remedy is 
possible except by adopting the extremely dangerous course of applying force to 
tighten up while the boiler is under pressure. Quite apart from the risk incurred 
by the attendant, the likelihood of obtaining a satisfactory result from this measure 
of desperation is quite remote. 

The front and back headers also require examination for signs of pitting and 
cracks. If any* tubes are renewed the holes into which the tubes are expanded 



Fig. 1s2.— ])evkloi'mkst or a Bustkii 



UPKEEP OF POWER UNIT 


218 


should be truly circular, and should be carefully cleaned out before the tubes are 
expanded into them. The rough scale on the tube itself should also be removed. 
Expanding should be carried out without unduly stressing the tube or causing local 
cracking of the plate into which the tube is expanded, and the projecting part of the 
tube should be bell-mouthed to safeguard against drawing out. It may be said 
that bell-mouthing is particularly important in those cases where the tubes are 
curved, as in the case of multiple drum type water-tube boilers. The tubes should 
be sufficiently ductile to stand such expanding and bell-mouthing without splitting 
or showing other flaws. If tubes are welded the welds should be turned away from 
the direction of the flow of the hottest gases. In order that the bell-mouthing may 
be properly done, the tube should project beyond the plate into which-it is expanded, 
I from J to ^ inch. When finished the bell-mouthed end of the tube should be 
, about I inch greater in external diameter than the hole in the plate into which 
it is expanded. * 

Water-tube boilers are often fitted with steam blowers for removing soot from 
the outside of the tubes. As long as these are only used when the boiler is in 
operation no steam will condense on the tubes. Often, however, when the boiler is 
not at work, steam is used fqr cleaning the tubes by coupling a flexible hose to a 
convenient .source of supply. In this case the steam will condense on the tubes 
and commence external corrosion. 

Tubes also corrode, due to “ sweating,” when cold feed water is used. If coal 
containing a large percentage of sulphur is burnt they are liable to waste away. 

The subject of boiler corrosion is in itself a most fascinating one, as the author 
can testify from long years oS personal research. Space does not permit of more 
than a brief general notice of the importance of the topic.^ Every case of corrosion 
trouble must be treated on its own merits according to an expert diagnosis of the 
disease. Among the main causes of corrosion are: (1) dampness; (2) gases dissolved 
in the feed water; (3) gases naturally present; (4) atmospheric oxidation (rusting); 
(6) acids; (6) mineral constituents; (7) ammonia; (8) electro-chemical action; 
(9) leakage from surface condensers. 

An example of a corroded front plate is shown in fig. 183. 

The metal may show signs of pitting, channelling, grooving, cracking, wasting, 
honeycombing, all of which can be present in difierent varieties. The practical man 
treats the trouble according to the symptoms present, and does not busy himself 
with scientific investigations such as would be expected from the engineot-chemist. 
Figs. 184,185, and 186 illustrate these defects and indicate where they will Jie found 
in Lancashire, water-tube, and vertical bojlers respectively. These illustrations 
and fig. 223 in Chapter XIX have been prepared from original drawings kindly 
lent by Sir Isaac Pitman and Sons, Ltd., publishers of Mr. K. Clayton’s very excellent 
book, Boiler Inspection and Maintenance, in which they were first used. 

Boilers which are fed with pure distilled water may be protected from corrosion 
by allowing a very thin scale, about ^ i inch or less, to cover the ‘immersed parts 

‘ “ Hicplosion o£ a Stirling Boiler,” Bnffineering, vol. 11)0, p. 115. 

• “ Boiler Explosion at Dudley," W. Smith, Trans. Much. Eng., June^ 1848. 
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and by keeping the feed water slightly alkaline. For this purpose about 3 pounde 
of lime and 10 pounds of ordinary washing soda may bu thrown into the boiler after 
it has been thoroughly washed out and is ready for closing up. The quantity 
mentioned is sufficient for a boiler which evaporates 15,000 pounds of water per 
hour, and which is opened every three months for inspection. 



t_ •-- . . —^ 

Fia. 1 h3.—Groovbd Front End Plate. 


The inside of the boiler above the water level should be painted with a ver 
thin wash of white zinc and kerosene, oil, but the preparation of the paint shouli 
be personally supervised by the engineer-chemist to ensure that it shall contai 
no vegetable oils, such as boiled oil or linseed oil.. 

Before closing up the boiler the engineer-chemist should examine the inside t 
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Hg. 186.—Babcock and Wilcox Marink Type, Land Form Boiler with Supebueatsb, Super 
IMPOSED EcONOdflZER, AND CHAIN UBATE StOKEB. 

A=-^ir L akage. L=Leakage. 

B=bracked or Broken Brickwork. Q — Rust and Deposit causing Sticking. 

D —Deposit on Water Side. R^-External Deposit of Flue Dust. 

Ew=Extemal Wasting. S —Splitting of Tubes and Tube Ends. 

Iw~ Internal Wasting. U~I^k of Lubricant. 

K=Overloading. X=Hogging and Bulging. 
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Sectional Plan on Grate. 

Fio. 188. —CociiRAN Boiler with Meldrum Steam Jet Fiirhaoe. 


C=Cli»nnelliiig. 

D=Dep<mt on Water Side. 

E^Eiosion of Jets and High Steam Consumption. 
Ew^Extemal Wasting. 

F=I'radture. • 

G=Grooving. 

Hss^liap Cracks. 

Iw=lntemal Wasting. 


.'f=Burning of Firebars and Lose of Fuel 
K=Overloading. 

L^Loakage at Seams. 

0—Overheating of Piates. 

P-= Pitting. 

Q=Bust and Deposit causing Sticking. 
B=External Deposit of Flue Dust. 
S=SpUtting of Tubes and Tube Ends. 
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make sure that all the necessary work has been done in a satisfactory manner, that 
no tools or bags have been left inside the boiler—in particular on top of the furnace 
or flue; and that all bags, etc., which may have been Stuffed into stop-valve or other 
openings to prevent drops of hot water falling on the men whilst they were working 
in the vicinity of a leaky valve, have been removed. 



t’lQ. 187.— Kai J.Tr Maniiolk Covkr .Ioint uivrsa ExcassivK CcEARANrE. 

He should also supervise the replacing of the manhole covers, as this is a task 
requiring great, care. Many bad accidents have happcneil because joints were badly 
made. Fig. 187 shows a manhole cover spigot wliich is too large. 

When I he cover is in position the clearance all round .should be carefully te.sted, 
and an old table knife inserted between the boiler Hang" and the recess in the cover 
serves well for this purpose. 






CHAPTEE XVI 

EXTERNAL INSPECTION 

(a) Boiler Covering .—The covering of boilers varies very considerably, whether 
they are in the open air, as shown in fig. 46, or properly housed and" protected from 
the weather. Magnesia, asbestos, fossil meal, slag wool, hair felt, mica, various 
cements, and a host of patent coverings containing some of the above substances 
in varying proportions are the materials most commonly used. 

In view of the fact that the lagging must be removed from the shell of a boiler 
once a year to provide for a proper examination of the plates, the covering should 
either be in the form of removable segments or be a composition of such a 
character that it can be used again. Eemovable insulating material may be in 
receptacles, such as a mattress made of good asbes/tos cloth and filled with asbestos 
or slag wool. For this purpose canvas is useless, because it will rot under the 
influence of heat. Asbestos cloth mattresses are suitable for the tops of economizers, 
over manhole covers, and (in a small size provided with stout hooks and eyes) for 
placing round flanges, valve^, etc. On the other hand, hard durable slabs may be 
used for covering boiler tops, and softer and much lighter blocks, generally made 
of magnesia, applied to the aides. 

Jn openjait plants the boiler shell is generally covered with a soft brown com¬ 
pound containing a large percentage of nondescript matter, protected by a layer 
of bricks. If the bricks, which are placed radially with the boiler, are in good bond, 
and rain and leaks have not washed away all the cem3nt between them, this covering 
will serve for outdoor work, but its efficiency is low. Some open-air plants are 
coveifid with composition only. This is easy to work, and gives a neat appearance 
when newly applied, but it soon beconfts porous. Water soaks into it, and it then 
becomes sodden after a' heavy rain shower. 

When the heat of tl^e boiler dries the composi¬ 
tion, clouds of steam arise. This is bad for 
the boilers, but the effect on the lagging is 
worse, because after several rebakings it forms 
into solid lumps which detach themselves from 
the boiler, allowing rain and water from leaks 
to ran at will over the whole shell of the boiler. ^ Every time a boiler thus covered is 
inspected the entire shell must be very scrupulously cleaned, and painted with" two 
thick coats of iron oxide and boiled oil. Pig. 188 shows an example'of grooving 
adjacent 4o a seam and wastin^ovei a general area. 

For indoor work a good plastic composition, containing at least 85 per cent. 
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Fia. 188. —Examples oe Coeeosiom. 
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magnesia, may well be adopted. Sometimes the layout is such that attendants 
re(]uire constantly to climb over the tops of the boilers to reach valves or for some 
similar ptupose. Wherever this is the case the lagging must be protected by steel 
sheets or a sjjccial platform must be fitted. • 

That all parts which radiate heat should be covered need hardly be stated, but 
that the covering should be well chosen, of good quality, and so made that it can be 
removed when necessary, is not always realized. The argument often employed 
is that as the covering has to be removed it need not be of expensive material. 

It has already been mentioned that covering should be removable or of such a 
nature that it can be used again. ' Ordinary composition cannot be used again with 
any measure of siiecess, but magnesia composition can be pounded up and used over 
and over again. 

Indoor plants covered with ordinary composition should be painted with two 
thick coats of good black paint or one coat of tar. This gives the covering a shiny 
black finish, and greatly facilitates keeping the boiler tops clean. 

When boilers are being covered with composition the work should be performial 
slowly, especially at first, so that the material may bind properly with the steel 
plate. Ibiless this precaution is taken, the composifion will become detached en 
masse. , ■ 

In order to make a projicr examination of the shell, all lagging must be removed, 
side flue covers, or brickwork over the flues, and front wall bricks round the boiler 

_ _ must be taken out, and all seating 

blocks that obstruct inspection of the 
Fill. Isii- CuisK rsoi.sTMi I'lrriMi circular scaiiis must be shifted. Fig. 189 

' shows an exam])le of close isolated 
pitting such as often is found under damp brickwork. 

(6) Boiler MoHiduig.s.-Holier niouiitnigs may be divided into two sections-- 
VIZ., steam fittings and water fittings. Under the description of steam fittings may 
be listed the following: main boiler stop-valve, auxiliary boiler stop-valve (if there 
are two separate ranges), spring-loaded safety-valve and dead-weight safety-valve; 
high and low water alarm; steam pressure gauge; and any small valves or cocks for 
supplying steam direct to a feed pump, to ,'team jets, to soot blowers, to recording 
instruments, etc. 

The water fittings will be represented by a main and (if two independent ranges 
are in use) an auxiliary fecsl-check valve; water gauge glass: blow-down valve or 
cock; sciim valve; salinomcter cock, and such small cocks or valves as may bo 
connected to the shell direct. 

There are a hirge number of firms of repute engaged in the manufacture of 
boiler fittings and, as already mentioneil in an earlier section dealing with fcicntific 
instruments, these manufacturers are responsible for publications which would 
grace any library and which may advantageously be consulted by readers desiring 
to study the coilercte application of the general principles dealt with in the present 
work. 

First we will consider the steam fittings. 
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The main stop-valve must be of sound design and oonstraction. The cover and 
body should be of cast steel, but the seat and the valve itself of some special alloy 
suitable for the temperature of the steam. The valve should be fitted with an 
expansion spindle, which will eliminate,the danger of bending or breaking and thus 
distorting the threads or jamming the valve. Such distortion and jamming are 
liable to occur when a solid spindle is used, the unequal expansion of the solid 
spindle and the valve body creates stresses sufficient at times to fracture the body 
and cover. The valve must be attached to the spindle, and the spindle must be 
perfectly controlled by a guide on the cover. In other words, the spindle must 
be of the external screw pattern. Preferably the stop-valve should be fitted witli 
a separate handle by which the valve itself may be rotated on its seat so as to find 
a fresh bearing. 

The valve seat should be securely fixed by set screws passing through the body 
of the valve, so that there may be no chance of the valve seat becoming slati and 
lifting with the valve. The valve must be designed so that the steam pressure 
will always be underneath the valve. In that case, even should it become detached, 
the valve may still be worked as a screw-down non-return (check) valve, for the 
steam pressure will lift it and the screw spindle will close it. 

Boiler stop-valve explosiohs have become \ery frequent in recent years. Modern 
conditions of high temperature and high pressure place a very much severer strain 
upon these valves than that to which they were subjected under old-fashioned 
methods of steam raising; and it is only beginning to be realized that constant 
attention is now required to guard against valve trouble. 

What has been said regarding main stop-valves applies also to auxiliary stop- 
valves. , 

Spring-loaded safety-valves should be of ample size, and designed in such a 
mahner that the spring may be protected from dirt, moisture, and other corrosion- 
producing conditions. They must be so constructed that the covers may be locked. 
When the valve has been adjusterl it is essential that no unauthorized person should 
be able to interfere with the setting. The springs should be of square section steel, 
and should rest on extra strong plates. If they are allowed to exert a pressure 
ct on the valve the latter is liable to become distorted and crack. The safety- 
ve body shoidd be fitted with a drain to avoid water-hammer, and the waste 
km pipe should have as few bends as possible. When the safety-valve is fitted 
^the boiler in such si position that, should it lift, there is no risk whatever of anyone 
ceiving scalds from its discharge, there is something to be said for the omission of 
he waste steam pipe, but only in cases where the pipe, if fitted, would of necessity 
>e tortuous. If the waste steam pipe disclterges upward the end should be slightly 
pent, but not through a right angle. If this precaution be neglected dirt will fall 
faito tfie pipe and eventually find its way under the valve when the latter lifts. 
I^team will then escape. This is generally what has happened when safety-valves 
commence “ weeping.” , 

Dead-weight safety-valves should have the weights enclosed in a fock-up case. 
With thil type of valve it is ntost important that no moisture should corrode the 
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weighte, and that no dirt should find its way'into the valve. Neglect of these 
precautions may c.ause the valve to stick at a critical moment. 

The valve should be pendulously weighted, the preponderance of weights being 
below the valve seat to make sure of a perfect balance. The discharging capacity 
must increase steadily as the pressure rises. There must be no “ jumping ” or 
tilting of the valve on its seat, which might cause priming. 

This type of valve should be fitted with a jiijie to convey the discharged steam 
away, so that there may be no risk of scalding. Of course, the jiipe should not be 
tortuous, as in that case condensed steam will collect and very bad water hammer 
may result. It is through the discharge pijie (because this is usually short and 
discharges upward) that dirt finds its way into the interior of the valve, and although 
it is most important that this pipe should be kept clear, it Ls frequently neglected. 
The steam leaves at a high level and right under the outer casing of the valve 
casting, whilst in the sjinng-loaded type the valve is almost on a level with the 
discharge oiiening 

When the boiler is being cleaned the component jiarts of the valves should be 
taken to the rejiair shop and thoroughly overhauled. The springs or weights (as 
the ease may be), covers, and bodies should be painted with two coats of good red 
lead and boiled oil. 

High and low water alarms are only fitted to land boilers, particularly to Lan¬ 
cashire boilers. The apparatus consists of a float attached to one end of a lever. 

The lever is suspended by a ])in passing through a fork screwed into the boiler 
shell. This fulcrum and the float arc on the same half of the lever, the fulcrum being 
3 inches from the centre. The otlier end of the lever js loaded with weights. The 
centre of the lever is provided with a knife edge uhicli raises a vertical spindle, also 
weighted, with valve attached. When the water is either too high or too low, the 
attention of the fireman is aroused by the sound of escaping steam, or by a ivliistle, 
if this is fitted. The float is generally made of steel specially treated to resist 
corrosion, but the weights on the lever and the valve spindle should be thoroughly 
examined and, when clean, ptoperly painted with white lead and kerosene oil. 
Under no circumstances whatsoever m.ist paint containing vegetable oil be used. 

With proper cleaning and overhauling this apparatus need give no trouble, but 
in actual practice it is very frequently in a bad state of repair. 

With the high and low water alarm is often inco»porated a lever-loaded safety- 
valve. Formerly lever-loaded safety-valves were embodied in, the design of boiler 
stop-valves', but such fittings are very bad design indeed. The boilers involved in 
the famous Histington explosion of September 18, 1909, were all fitted with this 
primitive device. In other resptets they were in good order, and the generabworking 
conditions were quite satisfactory, but owing to the failure of the safcty-yalve to 
indicate what w'as happening, the pressure accumulated until it was sufficient to 
explode four boilers and cause w’ic|espread destruction of surrounding machinery. 

• Two enquiries were held—one by the Board of Trade, and the other by the National 
Boiler and General Insufance Company. The lesson drawn from the disaster was 
that such an arrangement as is hefe condemned should never be adopted. * 
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Perhaps the most important fitting on a boiler is the steam pressure gauge. At 
any rate, it is entitled to share the position of honour with the gauge glass. Yet 
both of these fittings are often ajlowed to get into a shocking state of disrepair. 
Pressure gauges which do not register porrectly are as common as flies. On many 
boilers they are small fittings, and so dirty that it is hard to read the figures on the 
dial. Some gauges never fall below 30 poun(^s pressure when the boiler is cold, 
whilst the majority are incapable of recording less than 6 poimds per square inch- 
pressure. 

Water-tube boilers are fitted with pressure gauges having large dials. Being 
fitted high above the floor level, they could not be read easily if the dials were small. 
The gauges fitted to Lancashire boilers are frequently ridiculou§ly small, and 
although more accessible, are liable, if not frequently cleaned, to acquire coatings 
of grime from their nearness to the furnace. Pressure gauges should be tested 
regularly and, if unsatisfactory, should be returned to the'makers for repair.' The 
adjusting required may not be particularly intricate, but the instrument is too 
important to justify taking the risk of allowing anyone to repair it, who has not 
specialized in work of that character. If a pressure gauge is to all appearances in 
good working order it need only be tested in the workshop by coupling it to a 
pressure gauge tester made By a manufacturer of repute, and by comparing the 
readings of the two instruments. ' 

A graph should be drawn by plotting the pressures as indicated on the gauge 
being tested and the value of the actual pressure apphed. If the points be on a 
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Double pressure gauges, which are fitted '.vitli two pointers which rotate in 
opposite directions, are misleading, and should not be adopted for general use. 

Each boiler should, of course, have its own pressure gauge graduated to read 
2.'5 j)er cent, higlier than the blow-off j)res.sgre of the boiler. 

When the internal boiler in.sj)ection is being made, the bore of the pressure gauge 
connection should be examined, and when the boiler is at work the small dram 
should be opened once a iveek to make sure that there is a clear passage. 

Small valves and cocks need give very little trouble. It is, however, a common 
mistake to suppose that, being small, tbeir quality is of little importance. In practice 
small fittings of the “ cheap and nasty ” sort are a continual source of annoyance, 
and even a danger to life. 

Cocks are often screwed into the shell, instead of being fitted with a flange and 
secured by at least three |-inch diameter stuil,s. As cocks not infrequently stick, 
undue leverage is applied by using a short length of pipe, and the handle comes off. 
Nothing can be done to remedy the defect thus created until the boiler is again shut 
down for cleaning. All cocks fitted direct to a boiler should be of sjiecial design, 
and the slots in the body of the cock should be packed with special line asbestos. 

Small valves, unless of good, heavy, sound construction, are a constant source of 
trouble, always leaking and making a mess. Nothing is more unsightly than a 
collection of tins suspended under dripping valves and ctwks. Generally these are 
not emptied until the water overflows and runs down craeks and crevices, thus 
setting up corrosion. 

A very severe accident happened recently due to the failure of a badly corroded 
steel joist in a boiler house, and although in that rase the source of the water 
responsible for the corrosion could not. be traced, the incident serves to show the 
great importance of preventing water from leaks fiinlmg its way to uiLseen places 
where it may prove dangerously destnictive. ' ■ ' 

Water fittings now call for consideration.' 

The feed-check valve (and, if there are two independent feed rangi-s, the auxiliary 
feed-check valve) should be of ample size to safeguard the pumps from any undue 
pressure. These valves should be tesilv accessible, and there are two distinct 
ways of achieving this. The better and safer method is to insert an emergency 
check valve between the mam check valve and the boiler. By shutting the emer¬ 
gency valve and stopping the supply of feed water the check valve may be rapidly 
opened up without any fear of personal injury. The other method is to design the 
feed-check valve in such a manner that it may be examined when the boiler is at 
work. 

When two valves are situated one otter the other, the upper valve being Connected 
to the regulating spindle and the lower being a non-return valve, then, if the valve 
casing is designed with a joint, the lower v'alve may rc.st on a seat incorporated in 
the lower half of the body of the valve. By removing this lower portion the Valve 
may be examined and, if necessary, the passages cleared from any obstructions. 

All fecd-cbeck valves should be fitted with proper glands, which will not leak. 

1 Standard Conditions for'thr. Design ofiValer (Juugss, 11)20. 
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Stuffing-boxes are often too shallow, and only hold a couple of turns of packing. 
When the packing in the stuffing-box becomes hard, undue pressure is likely to 
be exerted on the gland in an effort to stop the leak. Under this treatment the 
gland bends and often cracks through the centre. 

Feed-check valves are generally covered with dirt, which finds its way into the 
stuffing-boxes and rapidly grinds away the spindle. This fitting should be one of 
the heaviest and best designed of .all the apparatus u.sed on or about the boiler. 

The valvejs themselves are frequently far too lightly constructed and, due to the 
constant hammering action which they cannot withstand, crack round the guide. 
Fig. 191 shows a solid valve in 
which the metal is of a good 
thickness between the wings. 

If the valves give any trouble 
it pays to take them out when¬ 
ever a boiler is open for cleaning, 
and to substitute new valves of 
a heavier pattern. 

All feed-check valves shqjild 
have spindles screwed on the 
outside and x>assing through steel 
bridges. 

There arc a variety of water- 
gauge glasses. In sonic designs 
the gauge glass is fitted direct 
on to the boiler shell, whilst in 
others it is attached to a hollow 
column; in other cases it is fixed 
to a solid column. When it is 
fitted direct t) the boiler no 
serious trouble can arise, except 
that tlu pads riveted to the front plate to fake the flanges of thc« gauge glass 
fittings may not be in line when view<jd from the side. One pad may project 
slightly more than another, but what generally happens is that the surfaces of 
the two pads are not in the same plane, but one may be vertical (which is correct) 
whilst the other slantl. When gauge glass cocks are fitted to such pads •the nuts 
holding the glass will not be in line. To prevent leaks the nuts havp to be 
tightened to the point at which the glass breqks. If gauge glasses on a 
particidar boiler are constantly breakuig the engineer-chemist should “ line up ” 
the pads^nd the trouble will probably cease. * 

Gauge glasses should always be fitted with glass protectors to avoid personal 
injury when a glass does go. • 

In many cases the gauge glass cannot be fitted direct to the boile* on {Recount of 
the construction. With marine boilers the smoke-box is in the way. In the case 
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centre steam drum. In both these ca.ses tlie gafigc glas.s i.s fitted to a solid or hollow 
column and connected by means of pipes to the steam and water spaces respectively. 
The pipes should be well lagged and straight, though not necessarily horizontal. 
There must be no bends, as tlic.sc will form water pockets. 

In some water-tube boilers the, steam pipe is taken over the man-hole of the 
front drum, and in others it dijis iinderneath. The former arrangement is not good, 
but the latter can only be described as very bad. 

The pipes should be connecteil to an asbestos packed cock attached to the shell 
by a flange and lour studs. Steam or water can then be shut oil, should a joint in 
the water gauge pipe give trouble. 

Good gauge ghis.sos are jirovidcd with small balls in the steam and water con¬ 
nections, so that, when the glass breaks the pressure forces the ball into its seat, 
and the cocks can be shut without exposing the attendant to the danger of 
scalding. 

In many asbe.stos-])acked water gauges the same nut is used both to compress 
the jiackmg in the glands and to hold tin' iiliig iii position This is a moat objec¬ 
tionable arrangement, because, when the threads of the nut become worn, the jiliig 
is liable to be blown from the body of the gauge. 

The importance of examining tlH' etosioii of the holler shell .iroiind the gauge 
glass fittings has already been stressed The pipes, and the jia.s.sages in the gauge 
gla.ss, must be conscientiously I'leaned and examined before the boiler is again put 
to work. 

Our consideration of pressure and water gauges must not omit the problem of 
their illumination at night. The electric, lights in tin? boiler room are often located 
where they could most easily be fixed, without regard to the ellicieiit lighting of the 
gauges In some jilaiits the electric fittings have beconm corioded, and smokv 
hand lamps are used. AVhere there is ,su( h a Cohi^ilete lack of mteiest in the firehole 
many accidents occur which might ea.silv have been prevented The National 
Boiler and General Insurance Company have ]iatcntcd an illuinmator which can 
easily be fixed to any gauge gla.ss. and which has the effect of showing the water m 
the glass ns a golden column that can easily be seen in the dark. 

It is very difficult to tell whether a glass is full of water or not. especially when 
a boiler has been standing with banked fires for any length of tune. A boiler may 
fill up if the check valve leaks, or in the case of pumps the sjieed of which is regu¬ 
lated by .a float actuating the steam valve, an undue leakage "of water will cause the 
pumps to continue working when the boiler is already sufficiently supplied. In these 
circumstances the water m the gauge glass will rapidly mount out of sight. As this 
is a very dangerous condition of affairs, the man in charge cannot afford to be in 
any doubt whether a glass is full or empty. The difficulty can be ovhreome by 
drawing a small sijiiare on a piece of paper and holding it behind the glass. If the 
square is distorted by refraction'>of the rays of the light, the glass is full of wrater. 
Both effects ar * shown m fig 192. 

In view of the serious possible consequences suggested by the foregoing remarks, 
the engineer-cltemist will give careful thought ‘to the opportunities provided by 
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“ cleaning time ” to make all improvements necessary to secure the highest degree 
' of safety and efficiency. 

All boilers are fitted with blow-down valves or cocks. These must be of extra 
strong design to enable them to withstand very severe shocks. Should they fail at 
any time there is likely to be a nasty scalding for someone. 

The Board of Trade make it compulsory on board ship to fit a valve chest con¬ 
taining two valves in separate compartments, one valve being a non-return screw- 
down valve similar to a boiler feed- 
check valve, and the other a screw- 
lift valve attached to the spindle by 
means of the usual horseshoe device. 

The water lifts the check valve, and 
then passes down through the screw- 
lift valve. The check valve prevents 
anybody from being scalded, even 
should it inadvertently be opened 
while another boiler is being blown 
down and men are at work clean¬ 
ing inside. The installation of the 
screw-lift valve is a precaution to 
ensure that in case the check valve 
leaks no large amount of hot water 
shall run to waste when the boiler 
is at work. *• 

On shore the insertion of an 
isolating valve, which need not be 
of tlie screw^iown pattern, is strongly 
recommended, because there exists 
the very dangerous habit of leaving 
the blow-down valve open to allow 
all the water to drain away after 
the boiler has been emptied. If the wjgter is run out of the boiler in a proper 
manner, as described in Chapter XV., and the steam and feed-check valves are in 
proper condition, there should be no water to drain away; but this, alas I is seldom 
the case. If mechanics only realized how constantly they expose themselves to 
the risk of scalding and of a slow and terribly painful death, and if plant-owners 
would insist upon such a simple precaution as inserting an isolating valve between 
the blow-down valve and the main pipe rai^e, accidents of this type would be far 
less freqpent than at present. 

Where water-tube boilers are used the installation of an isolating valve is 
particularly important, because if the tube ends»are uncapped and the blow-down 
' valve of an adjoining boiler is opened, the person standing in front* of the boiler is 
' liable to be severely injured. The importance of fitting a copper expansion bend 
between the blow-down or isolatllng valve, if this exists, and the main range was 
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pointed out in Chapter XT. When the enpineer-cheniiat is making liis internal 
inspeetion he should jiay particular attention to the cast steel hhnv-down elbow 

pipe attached to the holler and the copper exjian- 
sion bend. Due to the abrasive action of the 
feedwater inside and corrosion eneouraj;ed by the- 
])resence of wet ashes on the outside, these pipes 
often become very thin. Pig. 393 is an illustration 
of grooi iiig round a bolted joint. 

It a blow-down cock is fitted, tin- cover must 
be provided with a guard having a slot in such a position that the bo.x sjianner, 
which also has a small projection, can be inserted and witlidsawn only when the 
<'ock IS shut. 

Small cocks fitted to the shell direct should eoiilonu to the st.iiulard suggested 
for steam cocks. \o consideration of exjiense should be allowed to preient 
the fitting of a valve rather than a cock, esjieeially if the fixture is eouslantly 
in use. 

A filial word is neeessarv in conneetion with gate, sluice, or as tbev are ollen 
called full bore \alves These \alves are ofleii fitted with a /(//-hand screw, 
and 111 many designs the screw is meol|iorated in the valve itself Such \aK es must 
be coiidciiined outright when ioiind in ste.im ranges They mav li(> used for low- 
jiressiire water jiiiies, inlet to centriliigal jiiimps, etc., but if the eiigineer-eliemist 
finds any on liis jilant he should immediafely order a litter to attach a bra.ss tell-tale 
plate to the vaKe and a jioiiiter to the sjiindle so that it can be .seen whether the 
valve is ojam or shut. 

A very famous e.xample of the sort of mustake to which \alves ot this tvpe lend 
themselves was provided during the coiistriietioii of the fseiern Tunnel. 

In 1H79, it will be remembered, a tremendoiis mriisli of water from what was 
known as the (treat Sjiring, flooded the workings and brought ojieratioiis to a stand¬ 
still. Vast quantities of water had to be jnirnjied out before further jirogress could 
be made with the undertaking. This task was rendered more dillieiilt troni the fact 
that a door Ikid been left open iii the long drainage heading under the rive-. To 
facilitate the work of pumping, divers werisengaged to close the door and to screw 
down a 12-ineh sluice valve which was believed to be ojien also. Alter several 
jierilous trips Diver Lambert succeeded in closing the door, and, as he was instrneted, 
ill operatimg the valve. Xo beneficial results, Jiowcver, followed, and it was not 
until a groat deal of labour had been wasted in clearing the drainage heading that, 
the discovery was made that the valve had, for some reason unknown, been fitted 
with a left-hand senwv. Actually it was clo.sed when Diver Lambert arrived on the 
scene, and by him it was opened ! As soon as the valve was again closed, t'lu' water- 
level in the siimji and the pumjiing shafts began to fall rapidly, 

(n) Hand-Fired Furnace .—From his notes made while the boiler was at work, 
the enginegr-chimiist will know exactly where rejiairs are required at the boiler 
front and to the furnace fittings. While the gear is being taken adrift Ije can give 
detailed instructions concerning the work to be ddiie. 
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Front fittings include the doer, ashpit plates, damper regulating gear, and 
possibly steam jets. Then come the front dead plate, firebars, bearers, back bearer, 
and division plate. The firebridge will be considered under Boilef Brickwork in 
Chapter XVII. , 

The furnace door is an important item, as e^^lained in Chapter IV., because any 
air that leaks past it reduces the efficiency of the boiler. Hinges of furnace doors 
often become badly worn, and the door, instead of swinging about a vertical axis, 
falls open anyhow. The remedy obviously is to fit new hinges and pintle. 

The door is supplied with a secondary air-supply shutter which will usually be 
found either slack, so that it moves at random, or badly burnt. As firemen very 
rarely regulate this shutter, it is best to fit a new plate and hold itj in position by 
four screws of |-inch diameter. The door itself is protected by a guard plate or 
firebrick tile. When firemen pile all the fuel high 
on the front dead plate the firedoor guard becomes 
burnt, and may need renewing. Although fire- 
doors are provided with handles, these become too 
hot to touch, and as many firemen do not wear a 
leather shield, the shovel is frequently used as the 
handiest implement with wfiich to pull theidoors 
open ajvd to bang them shut. To make an end 
of this undesirable practice the engineer-chemist 
should have the necessary number of ring openers 
made. An opener like that shown in fig. 191 can 
be made in the workshop at<a very small cost. 

The ashpit dampers should be tried in place to 
make sure they are not bent or burnt. If damaged, 
the^ are of kittle value, and in that case it will not 
be safer to use them in preference to the side-flue 
dampers, as recommended in Chapter IV. The 
damper plates are frequently used for all sorts of 
purposes, such as making a ramp tor wheelbarrows, 

and as a result of this ill-treatment Jhey lose their shape. They also corrode 
rapidly, being often in contact with wet a.shes whilst cleaning fires is in progress. 

The damper gear needs no special attention beyond seeing that the pulleys are 
clean and well oiled,* and that the damper plate, if of the drop pattern^ works up 
and down without sticking. 

In the grate itself are a number of items requiring careful inspection. All the 
firebars should be pulled out and examined*to make sure that they are not broken, 
buckled, burnt, or covered with hard clinker. Fig. 195 shows the air-space between 
ordinary firebars. The front dead plate, together with the back and intermediate 
bearers, should be removed, and the studs in.iihe furnace examined for signs of 
burning or corrosion. The failure of a single stud may not be a veiy serious matter, 
but if the grate fails there will be considerable delay before a temporary support 
can be ringed up and the hole plugged. If a factory has no reserve boiler power 
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the loss of a steaming nuit may mean that a Itirge number of hands in the factory 
are compelled to cease uork, only because one rotten stiid has given way. 

The air-space lietween the firebars is. of course, of tremendous importance, and 
if the bars are too wide or covered with scale they should be planed down or 
tlioroughly chipjied. 
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Furnaces often leak, and the fluid that runs from the fissures sets in a hard 
white .scale. After the grate has been pulled out, the whole of the interior must 
be made spotlessly clean before any caulking or patching is commenced. 

Proper inspection ot the furnace 'includes an e.xamination, of all the firing tools 
belonging to it. Hakes that are burnt should have a new end welded on. and bent 
slices should be straightened. Firing tools are not infreipientlv lost, mislaid, or 
borrowed by outsiders, who conveniently forget to return them. .Vn inspi'ction ol the 
tools every time a boiler is cleaned will ensure that a set of firing fools is provided 
for eacli boiler. 

(<i) Mechauicul Stnkers —Inspeetion of mechanical stokers falls n.itiirally into 
three sections: 

E.vaniination of the wofking paits. 

Examination of the grate. 

E.xamination of the driving niecham.sm. 

« 

The amount and character of tne work re(|Uired varies with the tvpe of 
stoker. ^ 

In the sprinkler stoker .as fitted to Lancashue boilers, the two most important 
items are the gear operating the sho\el and that nioving the grate. The springs of 
the former reipiire close attention, because they are apt to liceome “ tired ’ and 
lose some of their force. The tajijiet which compresses the spring becomes worn, 
but as it 13 generally provided with a separate piece of hardened steel bimilar to that 
fixed to the trip])er arm, the renewal of the worn plate jiresents no dillieulty. 

The bearings become very slack, due to coal dust linding its wav into every [lart, 
however well it may be protected. The simplest proceeding, when the boiler is 
under inspection, is to di.sconnect the, hopper from the boiler front and to send it 
to the fitting shop to be thoroughly cleaned and overhauled. Not only will the 
w'ork be done better, but it will also be finished more ijuickly than is the case when 
three or four men get in each other’s way, all working at the front of the boiler. 
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Grease boxes should be cleaned, and the pipes tested for free passage with a 
stout wire. 

All the bars should be removed from the grate, aud any which are burnt should 
be replaced by new ones. Owing to the very fine air-spaces possible with these 
grates, because steam jets are invariably used to force the air through the bars, 
special care is necessary when examining the rt)und-topped grids. It is advisable 
to withdraw all the troughs in the Bennis type stoker for examination and cleaning. 

The transverse driving shaft which runs along the front of the furnace and 
moves the bars or troughs in and out of the fiunace is fitted with cams, generally 
made of highly chilled cast-iron wedge-wearing pieces. This shaft is, as a rule, 
lubricated with a copious supply of black axle grease, but sometimes it is neglected. 
In the latter case the cams wear, and the bars do not travel their full stroke into 
the furnace. 

Some mechanical stokers are supplied with “ best nuts,” having a high c^orific 
value and low ash content. There is not enough ash to protect the firebars from the 
fierce heat given out by the burning fuel. Thus the firebars or grids become burnt. 

The driving shaft, bearings, brackets, driving belt, spur and bevel gearing, should 
be cleaned and examined, but this is the work of an ordinary fitter. 

Water-tube boilers are generally eqtiipyed with chain grate stokers. For 
inspection purposes the whole stoker is withdrawn* from the boiler, and a squad of ■ 
men can work on this part of the unit without interfering with men engaged taking 
off the tube caps, etc. 

The engineer-chemist will see that every part of the work is done in accordance 
with a proper routine. To ^ work anyhow,” instead of keeping to a routine, is to 
waste a large proportion of the total time spent on the job. Nothing causes more 
delay than the mismanagement which compels one man to wait for another, whether 
because suitable tools are not available, or because a pipe has been kept under 
pressure and cannot be removed promptly, or because men assigned to a particular 
piece of work arrive on the scene only to find someone else at work on another job 
connected with the same piece of apparatus. 

Some water-tube boilers have very long chain grate stokers, and the pit, as often 
as not, slopes down towards the boiler. If there is plenty of room betw^een the 
front of the boiler and the boiler-hons*e wall, the removal of the stoker, with the 
aid of a couple of good chain pulley blocks, presents no difficulty. Far too often, 
however, the available space is very restricted, and the stoker has to be slewed. 
If the slope of the stoker pit is steep and near the front, the operation of slewing 
the stoker is very awkward, and consumes much time. A little practical con¬ 
sideration in this re.spect on the part of designers would be very helpful. In many 
cases their only care seems to be to make such allowance as would be necessary 
if the Stoker were .a piece of paper on a drawing. It is one thing to juggle with a 
piece of paper and a plan, but quite another to^lift or slew a heavy stoker to clear 
some projecting pipe or fitting on the boiler-house wall, not allowed for in the 
design. Such-additions hnd projections are very common, and tne Milure of the 
' designer ^o allow for the smallest deviation from his plan is the occasion of not ^ 
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little waste of energy and loss of temper when jater on a stoker has to be removed. 
Sometimes the damage is also structural, and the writer knows of cases where parts 
of the hunker wall had to he broken away in order t(t get the last 2 or 3 inches of 
neces.sary clearance. 


I 



Chain grate stokers re(|uire similar treat meiit to tliat already prescribed for the 
sprinkling stoker. The driving shaft, variable speed gearing, front and back stoker 
rollers, all bearings, etc., should be cleaned and examined for wear, with- special 
reference to the oil gutters in the bearings. 

The links in the grate should all be examined for .signs of clogging and burning. 
It is, of coi'rse, of vital importance that the differen* sections of the grate should 
each receive their proper supply of air, and if a section of the chain grate,js clogged 
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with fused clinker, the efficiency of combustion will fall every time the clogged part 
comes into service. 

Compartment chain grate stokers, fitted with a steel air casing under the chain 
grate and divided into sections so that the air can be regulated to a nicety, require 
special attention. The chain grate should be dismantled, if necessary, and the plates 
of the air casing, as well as the shutters, thoroughly cleaned with wire brushes and 
painted with two coats of brown oxide of iron and boiled oil. 

The dumping bars at the back of the grate may require to be renewed, and 
if the stoker is of the enclosed type a sharp lookout must be kept for air leaks. 

Before the stoker is replaced, all the steel and iron parts, such as the frame, 
hopper, and bearers, should receive thorough cleaning. They should also be painted 
with a good mineral black, mixed with linseed oil and a little kerosene oil! By the 
term “ thorough cleaning ” is meant the brushing away of all loose dirt, scraping 
with steel scrapers, and a final strenuous application of wire brushes to remove all 
traces of dirt. 

Mechanical stokers are driven either by a belt from an overhead shaft or by an 
enclosed motor. In some cases, as, for instance, in the underfeed chain grate stoker, 
the fans are incorporated in the stoker and are electrically driven. In large power 
stations the forced and inducSd draught fans i^re always motor-driven, and acconl- 
ingly the engineer-chemist must have a good working knowledge of electrical 
machinery, with special reference to continuous current motors. This machinery 
seldom gives much trouble; but if a motor, part of a motor, or starting panel is 
disconnected for cleaning, it sometimes happens that the wires are WTongly con¬ 
nected when the parts are i^jassembled. The rule for a shunt motor is that the 
starter resistance must be placed in series with the armature, while the shunt winding 
is connected parallel to the armature and the starter. In that case the shunt stands 
undt* full ptessure when switching in, while the armature current is weakened by 
the resistance connected in series with it. 
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Fia. 197. —Faulty Conskctio.n of Stabtbii Fiq. 198. —Oiaj Mktiioo of oonkectino Stabtf,b 
FOB Shunt Motob. • to Shunt Motor. , 

Under no conditions must the connections be made as in fig. 197, which shows 
the shunt in parallel with the armature alone. ^ A motor thus installed will not 
start. , 

Until recently the arrangement shown in fig. 198 was adopted in ordefto prevent 
sparking wiien starting the motorj the shunt winding connected directly to the leads 
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remains in circuit at the end of the run until opened by a special switch when the 
motor is stopped. 

Any sparking may be prevented by connecting up, as shown in fig. 199. 

The terminals of the starter are marked “ line,” “ field,” and “ annature.” 
A thin lead is used from the .sliunt terminal to the free end of the .shunt winding 

and a thick lead from the armature 
to that pole of the machine wliich is 
not directly coimected with the shunt 
M Hiding. These connections arc shown 
in fig. 20(1. 

A mistake viyy often made is 
shown in fig. 201, in which <a.se the 
marks on the resistance have been 
used correctly, but the wrong pole is 
connected—that is. the, return lead is 
taken from the free ])o1e. 

Klectric lighting, as well as jiower, 
must be watched by the engmeer- 
chemist. Wires often pass near metal, 
and when the in.sulation bccoiiKs worn from vibration or other cause, an earth is 
made. If two lamps arc connected, as shown in fig. 202. they will both glow with 
equal intensity. 

Immediately an earth occurs, one of the lanqis will glow and the other will burn 
brightly, sliowing that there is an earth. If the positive lamp burns brighter, then 
the earth is on the negative lead, and riir rersn. 



]’'T(! I‘l0—New JltTHOU (IK OONM.ClINfJ ST\U'I*KK 
TO Sfu NT Mo’ion 
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rio. CouR^t'T Wn- or t’ox\K<irs'« 

Jane, SiirvT^ and Armatire 


Fig. 201 - Im’okuu •' Ww ok roNMA'Jisfj 
Line, SursT, and AiaiATi’UB 


((’) Steam Jets .—It was meiitioupd iti Chapter IV that the yteam used by the 
steam jets should be periodically checked to ensure that the cost of tbc'fuel burnt 
to supply them with steam is not out of all proportion tu theii;u^ty.^ The simplest 
manner of testing their consumption of steam is to the.iipparatus shown in 
fig. 1%. This can easily be madfv in the worktop. It consists of a large tank in 
wliich is placed a long coil of pipe. fitted with two bearers in which 

1 ‘ “Steady Flow of Steam Through a Nozzle or Throttle,” H. b. Callendar, Trans. Inst. 
Mech. Hiig., lUl 5, p,. 53. , 
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rests a horizontal cylinder. This cj Under is made with a water jacket, and is so 
arranged’that one end cover can be removed. The whole apparatus is placed in the 
“ firehole,” near the boiler tp be tested. The front pipe, with steam jets attached, 
is disconnected at the stop-valve and cgupled to a nipple passing through the end 
cover of the cylinder. The cover is replaced 
and the outside end of the nipple connected 
to the stop-valve which ordinarily supplies 
the jets with steam. Circulating water enters 
the horizontal cylinder at the top, flows round 
the jacket, and is conducted by a long pipe 
to the bottom of the tank. The water, already 
warm, tends to rise, and leaves the tank 
through an overflow pipe fitted at the top. 

The steam leaves the jets under ordinary 
atmospheric conditions, because it is con¬ 
densed by the water which is not sufficient to 
create a vacuum nor insufficient to allow a 
pressure to accumulate. Tlie steam and con¬ 
densed steam next pjiss through the cooling> 

coil, which terminates outside the bottom of the titnk, so that the condensate can 
be collected in a bucket. 



Fic. i02 .—Eautii Eami- Test. 


It is usual to run several tests, each lasting 15 minutes, and to weigh the 
steam condensed in that time. 

The weight of steam muhiplied by i, if the test is for 15 minutes, and by 2, 
if only one furnace is tested, divided by Ijie hoiuly evaporation of the boiler in 
pounds, and multiplied by 100, will give the value of the steam consumed by the 
jets fls a percentage of the total stCam evaporated. This should not exceed 6 per 
cent, at the outside. The steam pressure should be that at which the boilers 
habitually work. 

Some patent furnaces are fitted with steam jets at the back of the grate. Such 
an arrangement can only be tested when the boiler is being repaired., The jet bar 
must be taken out and supplied with st^am from a neighbouring boiler working at 
the same steam pressure as that at which the boiler under repair is usually operated. 
A frequent examination of the nozzles is necessary to make sure that the small pin- 
• hole has not become rtilarged to J-inch diameter or more. • 

Firemen will invariably keep the regrdating valve fully open, and it is advisable 
to Install a master valve as well as a reducing valve which can be locked, so that 
high-pressure steam cannot be obtained gt rilndom. A fan is far superior to steam 
jets as a means of creating draught, and where jets are used to assist in keeping the 
firebars cool, as in most mechanical stokers, the pressure should not exceed 60 pounds 
per square inch. A plant comprising eight Lancashire boilers can with case run up 
a fuel bill of £1,000 per annum ^ply for the supply of steam to thp jets. 



CHAPTER X\T1 

HOlLEll iniICK\V()l{K 


The boilci l)ri( k\Mirk may ho dividod into il\o sootions. 

(«) PoLindalion.s. 

(fc) Soatiiif;. 

{(•) Kino oovors. 

{(/) \\'alls. 

(o) Intornal liriokwork. 

(a) F<iiind(ilioii!<. Tho onj’moor-olioiniht oannot altor tlio loundations. Imt he 
can watch tlioir holiavionr and take Midi moasiiros as may ho nooossary to lomodv 
any trouhio <luo to tho dovolojimor.t of crai-ks, sottlmj;, oto. Tho foundations ol 
holler jilants arc froiiiiontly insooiiro, and altlioiifili niodoin hoilois arc oonorally 
sot on a sound oonorotc lonndation, ohi |ilanls often sliow signs ol siihsidonoo, which 
mo-aiis that ooiisidoraldo oxtoriial slrossos are sot up in th(‘ hoilor. Tho first 
syniploms of siihsidonoo in tho case of haiioashiro hollers are oraoks light thioiigh 
tlio hriokwork. 

If a holler plant is near a hill or on-lowd\ing ground, which iiiav ho \ory moist 
in winter and oorrospondmglv dry in siimiiioi'. there is o\oiv likelihood ol siihsidonoo. 
In siioli oonditioiis the onginoor-i'lioniisl will need to keep a spooialh koon watch 
for displaoomi'iits of tho loiiiidations and siipoistiuoturo Many hoilor plants wink 
with water in tho flues during tho winter months This is very lio/piontly the case 
with opon-iiir jilants. Jloistiiio and damp hriokwoik are the most usual oaiisos oi 
rapid o.xtornal corrosion, winch woaKons the hoilor [ilatos to such an oxioiil that 
an explosion ovontuallv takes jilaoo. Kip. tKKt shows tho result of a Lancashire 
holler explosion following upon a weakening of the plates due to unsua])eeted 
eoriosion. 

Boiler plants built on day sod are inimune fiom settling, piovided that the 
foundations have heen projicrly laid, and that tho natural formation of the day 
is not suhse(|uently disturhed. 

Dunug the last coal strike sevetal water-tube boiler owners adajited their 
boilers to consume ml fuel. No furnace littiiigs being reipiired m burning the new 
fuel, the whole of the lower jiortions of the furnaces, which had previously served 
as ashpits, were subjected to theifterce heat generated by the liipiid fuel. A layer 
of firebricks was placed in the stoker pit, but this ptotection was utterly madeipiate. 
In several cases clay subsoil became baked, the extraction of moisture causing 
sufficient shrinkage to produce severe cracking of the walls. 
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If the works are situated in a roc' ly valley—paper mills in the northern counties 
often lie in charming surroundings of this character—the oozing of water from a 
large number of crevices may result in serious trouble, and a special drainage system 
may have to be devised. It is very inadvisable to allow natural rock to form one 
side of a flue or economizer chamber, because cracks may form and allow water 
to trickle through. For obvious stnictural" reasons it is impossible to keep the 
potential sources of trouble under constant observation. 



Fia. 203. —llESPi.TS OF Kxflosion of a UiiiCASiimE Hon.ER. 


Oollieries, chemical works, and other factories which pump large quantities of 
brackish or polluted water, have experienced trouble, because the water has per¬ 
colated through the ground, affecting the sflbsoil for a considerable area. Many 
wells an^'ponds have been rendered unfit for use in this ivay; and the engineer- 
chemist will refuse all responsibility for damage caused to the boilers by impure 
feed water, when this is due to the action of his .own firm in polluting the sources 
of supply. • , ^ 

Vibration is another cause of foundation trouble. Heavy steam hammers, 
beating machines, and similar apparatus, should not be erected nejjr a boiler house; 



288 MAINTENANCE OF STEAM-RAISING PLANT 


or, if the proximity is unavoidable, the foundations of such machines must be 
underpinned. 

If flues or a chimney show signs of subsiding, the engineer-chemist should liave 
a slab of reinforced concrete sunk in the ground to the depth of at least a foot. The 
slab should be at leii.st 6 feet square. This slab will be used to support a small 
square column of concrete about i) inches square, the height of the column and the 
position of the slab varying according to the part which it is desired to keep under 
observation. The foundations for the slab and observation column may have to be 
taken to a considerable depth to make absolutely sure that the slab itself cannot 
subside. An ordinary juirveyor's level is placed on the [lillar and sighted on a 
mark made on some objel't which is not subsiding. The telescope is next sighted 
on to the flue or chimney that is subsiding, and an indelible mark is made. In 
order to find out at any time, whether a fniMicr aiibsideuce has taken place, the 
telescope is sighted on the fixed mark and swung round until it is trained on the 
mark to be observed. 

(h) Uvahmj. - The method of supporting Ijaiicashire boilers is very important. 
The bearing surface of the blocks is usually aiiqile, but the blocks themselves are 
of such a shape and so jilaced that the joints are not gas-tight, and the jiroducts of 
combustion jiass from under the boiler straight into the side flues. The blocks are 
also freijueiitly of an unhandy size, which causes uimecessaiily hard labour when 
the engiiieer-chciiiist requires their lemoval for ])ur|ioaes 
of insjiectioii. It is necessary that a clear distinctloii be 
maile between the bearing surface of the blocks and 
that of the foundation wails hv which the weight of the 
boiler IS transmitted to the ground. The aiea of the 
walls on which the blocks are jilaced is Ireiiiiently 
insiiflicieiit. 

llodern jiractiee is to use blocks with a groove in 
which runs a contunions asbestos roje-. This rope is 
flattened by the weight of the boiler, and makes an air¬ 
tight joint. The blocks are also coiislriicted in such a 
manner that ttiey can easily be withdrawn to jiermit of 
a thorough e.xaimnution ol the seams, 

Kxteriial corrosioii’is, iii the majority’of cases, due 
to moisture leaking past the brickwork or to damji 
brickwork in contact with the jilates. This wasting 
may show itself iii any one of the forms nieiitioned in 
Chapter XV when dealing with corrosion.' Kig. 2f)k 
Fia 204 --{'eiutesio.s AT Ba.sk of dampness on the base of hi vertical 

boiler. This is an example of surface wasting. 

Whenever a boiler is cleaned, all the shell seams should be e.xaiiiiiied, and in 
order to make sure that there is no corrosion anywhere, the-seating and flue cover 
blocks in the way of all riveted joints should be removed. The actual inspection 
occupies but a ghort time, but the preparation .is tedious and expensive, except 
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where modern methods of boiler fitting have been adopted. A heavy pattern 
seating Mock, with the minimum ^f bearing surface consistent with maximum 
stren^h, is shown in fig. 205 at “A.” 

Seating blocks should be of such a shape that they cover as little of the heating 
surface as possible. ^ 

Faulty setting is responsible for inefficient operation in a great many boiler 
plants. The brickwork is pushed outward when the boiler expands, but cannot 
follow the motion of the boiler when the latter contracts. Consequently the mortar, 
cement, or fireclay by which the bricks are held together becomes loose, and the walls 
begin to leak badly. This means that the air, instead of passing through the bed of 
fuel on the grate, is drawn in through the various cracks in the brickwork and conse¬ 
quently diminishes the draught. In natural draught plants this is fatal to Efficiency. 

(c) Flue Goum.—The foregoing remarks also apply to the method of covering 
the side flues, but in addition the flue covers should be designed in such a manner that 
cleaning the outside of the boiler may be done at any time without pulling down 
any complicated masonry. Boiler plant owners have been exceedingly slow in 



appreciating the advantages, from the point of view ot maintenance and economical 
operation, of modern improvements in the art of boiler setting, and still allow 
boilers to be installed in the antiquated fashion. Frequently the wholp of the front 
wall has to be demolished to allow menjto get into the side flue. 

Small round inspection doors are of little use, except for the nozzle of a vacuum 
pipe where special flue-cleaning plant of this character is installed. 

Surprisingly oftefl do designers of boiler settings overlook the fact«that men 
working in the flues cannot breathe flue gases. It is just as important that they 
should be supplied with air as that there should be room for them to move. 

Flues should be cleaned more frequentl^f’ than boilers, and the week-end, when 
the boHars are banked down, is very convenient for this purpose. If, however, the 
draught is very bad, the gases remaining in the flues after the side dampers have 
been shut will not be swept away by a current of fresh air, and also the boiler will 
take very long to cool down. " This, of course, means that there, is not sufficient 
time to clean the flues before the boiler is required again. As already stated, boilera 
must not%e cooled too rapidly, Jbut this does not imply that they should be incap- 
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able of fflicipiit ventilation wlien cold. Tf it jia iiecoasary to pull down tlin front 
wall to enable iiion to enter (be flues, flue eleaiiing is probably impossible duniift a 
week-end. 'Idle elHeieney of tbe plant, however, will eonst.iii1ly decrea.se until the 
neces.sary cleaning is performed. , 

Tbe whole of the side flue and down-take covers must be designed in such a 
manner that they can easily be lifted, and tbe, .soot cleared from tbe flues. Tbe 




I'lQ 3 (M».—Milner Hi-itw Patent Kalial Sti’funo-box Pittino Ftm I-'hont \W,l am» 
SLIDI'R K KHt J)tmN'JAKJi: (’OVP.K 

outside of the shell will also reijuire to bo bru.shed over with wire briiabes. Tbe 
Milner Hurd patent insjiection sy.stem of .setting boilers lias been introduced to 
meet such requirements. 

The ordinary method of biiildi'fig the front wall is to bring the brickwork close 
up to the lioilert Obviously, when expansion occurs, displacement of brickwork is 
bound to follow, resulting in air leakage and eonseipient loss of fuel. To overcome 
this difficulty patent radial stuffing-box bricks are Used (fig. 20(1). 
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These are built half an inch cicai- of the boiler shell, and an asbestos rope is 
insertedf which stops up the space a'dd allows the boiler to expand witliout touching 
the brickwork, except round the blow-off recess, which assists in supporting the 
weight of the boiler. o 

The covering of the side flues is another poipt which is considered. The usual 
method is to use an arched brick with two or more courses of brickwork on top, as 
shown in flg. 207. 

This construction is perfectly rigid, and docs not allow in any way for expansion, 
which is bound to take place and to result in cracked 
brickwork and air leakage. It will readily be seen 
that all air leakage must interfere with the draught and 
cause a further loss of fuel. By using special side-flue 
covers, as shown at “ B ” in fig. 2?;5, this trouble is 
eliminated. Not only do the covers prevent cracking 
of the- brickwork and air leakage, but they can be 
taken up in a very short time with the minimum of 
labour and replaced in an equally easy manner. 

The importance of having the brickwork at the ^”(;ovK7a^SiiiK*t’™E” 
back end of the boiler so arranged as to ‘provide 

for expansion cannot be over-estimated, as it is at this end that there is usually 
a very bad wastage of fuel, due partly to cracked brickwork and consequent air 
leakage, but even more to hot gases in the down-take by-passing between the ’ 
boiler end plate and the down-take side wall into the side flue, straight to the 
chimney, instead of taking tHjjir proper course through the flues and distributing 
their heat over the boiler shell to produce «team. The amount of fuel wasted in 
this manner is very (;onsiderablc. Assume that between the boiler end plate and 
the down-tal^ walls there is a gap with a mean width of half an inch, and that the 
walls are 6 feet high, giving a total area of 60 square inches, there would be a loss 
of approximately 10 to 15 pounds of fuel per hour. . A useful formula for finding 
this loss is as follows: , 



AxVx'Wx3,600xTx0-25 , , , . 

o iwi where A—area of gap m square feet. 

UjlXK) 

V=vclocity of gases in feet per second. 

• W== weight of gases per cubic foot. ^ 

3,600= seconds per hour. 

. T= difference of temperature between the down- 

take*and side flue. 

, 0-25= specific heat of gases. 

* 12,000= average calorific value of fuel. 


The loss varies, of comse, according to the furnace efficiency. 

The Milner Hurd anti-short-circuiting device deals with the abfive-incntioned 
faults in th« following manner: 

The down-take side walls, instead of being square and built close Mp to the boiler 

16 
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end plate, as at “ A ” in fig. 208, arc built 1 1 '^o IJ inches clear, and have special 
recessed brick to provide suitable s])ace to a^conimoikte a specially woven long 
fibre asbestos r 02 )e, shown at “ B ” in fig. 208. 

It is important to emphasize the fact that the asbestos rope is n speciality in 
itself, as it is constructed in such a maimer as to withstand the scouring action of 
the hot gases, and must have a certain amount of resiliency to form an effective 
cushion under all working conditions of the boiler without dismtegratlng, thus 
forming a seal anil jircvenfing the by-passing of the gases. The rojie is held in a 
cast-iron slider block, the face of which re.sts on the boiler end iilate. An anchor 
block, resting on the. toji of the down-take side wall, and having an incline of 15", 
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accommodates the cast-iron slider block, so that, 'when the boiler c.xpands longi' 
tudinall), the slider will keep the rope tight ii)) against the boiler end plate and 
will fall into its old position when contraction takes ])lace. The down-take covers, 
shown at “ C " in fig. 205, are also designed to provide for the backward movements 
of the boiler. They are set at an angle of .‘iTJ". The end rests on a lc(ige at the 
back of the down-take, and has a round smooth surface .set in a bed of best quality 


fireclay, so that the whole can rise and fall with the breathing of the boiler. The 
arrangement is shown in fig. 209. 

One of thc'great advantages to bo gained by the adoption of tlmse covers i.s 
that they can be lifted uji in a very few^imites for inspection or cleaning purposes. 


and can be replaced just as easily. 
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All bjpcks are made of special fj ’c-resisting materials and are steel reinforced, 
being much more durable than ordinary firebrick. 

The general arrangement of a boiler set in the manner described is shown in 
fig. 210, and fig. 211 shows a Lancashire boiler with side-flue covets raised. 

(d) WaUs. Boiler walls are often of insufficient strength. Firebrick lining 
should not be counted when calculating thickness, except in cases whera the wall 
only acts as a partition, and therefore has not weight to carry. 

If the engineer-chemist at any time has occasion to rebuild any walls, these 
should be not less than 18 inches thick, and if they are to be subjected to any heat. 



Jj’io. 20!).—IsoMETEK Dkawinq showiso Arha.soemknt at Back Esij of Boii.e*. 

they should have a 4-J-inch firebrick lining in addition. The firebricks should be 
bonded with the ordinary bricks every sceoni or evei^' fourth course, according to 
the nature of the wall. Walls which have to withstand a special thrust, as is the 
case with*side walls of water-tube boilers supporting the firebrick arches, must be 
stiffened or other special provision made. Tlis special provision usually takes the 
form of steel framework, and special vertical and horizontal bucks^ays are fitted 
to take the thrust of the arches. The walls are built clear of all steelwork, and 
inly enclose»the boiler. 

In some cases the boilers are sifirounded by steel plates protected from the heat 
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by a firebr^k lining. If the steel cnsing is air-tight, this arrangement is preferable 
to encloaing the boiler with brickw.irk, because steel plates will not develop air 
leaks. Also, the steel casing can be made durable, and the space between outer 
and inner plates filled with asbestos or other imsulating material. 

The extensive brick surface of the walls surrounding the ordinary water-tube 
boiler radiates very much heat, and this is one *of the disadvantages of boilers of 
this type, when set without a steel casing. If the walls develop cracks, and air leaks 
into the combustion chamber, the efficiency of the unit will be diminished, especially 
if the boilers are worked with natural draught, as in that case the draught above 



the grate is considerably reduced. Cracks have a less injurious effect- when forced 
draught is used. • • 

The engineer-chemist will always kee]) a sharp lookotit for air leaks 9 ! any 
description anywhere, and when he finds them he will immediately instruct a 
bricklayer to do the necessary pointing. Walls that are very unsatisfactory in 
this respect should be pulled down and rebuilt as soon as an opportunity presents 
itself for making the change. 

In the building of walls considerable care is jequired to make sure that the 
mortar, cement, or fireclay will bind with the bricks. • The bricklayoic shoidd never 
work on a frosty day, nor is it worth while to have him repair a section of a wall ^ 
that is still Varm or that will almpst immediately afterwards be subjected to heat.. 
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In the former case the binding material is apt to freeze before it can adhere to the 
surface of the brick, and in the latter the nujstiire is almost certain to evaporate 
before the bond is made. More often than Jiot, large pieces of binding material 
can be remove<l very easily with a ]>enknifc from brickwork thus carele.ssly uniler- 
taken. If bricks arc being laid where the air is warm, they should be first dipped 
in water. 

It was mentioned in Cha[)ter 1. that the setting of boilers and the building of the 
necessary brickwork call for s]ieciiil knowh'dge. .\11 such work should be performed, 
under the personal superyisiou of the cngineer-cheniist, by bricklayers having sjiecial 
ex)ierience in boiler setting. 

Rt'ference has also been made to s|>ecial seating bloidcs [irovided with grooves 
to take a contimu'us asbestos rope. .Similar bha-ks can be used to render the fi-ont 
wall of a Lancashire boiler .setting air-tight. , This is an admirable arrangement as 
far as it goes, but the wall often cracks ni other |ilar’es To make an air-tight job 
throughout, special interlocking bricks niav be [irovided. The front eourse receives 
an a.sbe.stos rope, so that even if the binding material gives way it is im])ossiblp for 
any air to leak into the flues. 

(Hazed brii’ks make a boiler house look smart, and can easily be cleaned Their 
eflicieney, howe\cr. is no greater than that of ordinafv brick. 

fn an old Jjancashire boiUr plant where the draught is inadeijii.ite and the 
brickwork in [loor condition, the cngmeer-chennsi should be given [jermission to 
rebuild the trout wall in .sections, one boiler at a time When jiiit ting this job in hand 
hi' will clean the Hues and rc|)air the top biickwork of the side Hues and mam flue. 
This m.ay have siii'li a beneficial eficct upon the [ilaiit as a whole, that it will be 
possible, without reduiing steam oul|iut, to shut down one boiler at a time, and 
thus to repair the boiler seatmgs, superheater chamber, and other biickwoik not 
alieady rebuilt. 

(c) liilenial Bnelwork.- Internal brickwork comprises the following four con¬ 
structional items: 

(1) failing of water-tube boiler.s. 

' (i) Arrangc.nent of baflles. 

(3) Kurnace arches. ’ 

(1) Kircbridges. 

(1) f initifi of Waler-Ttibr Boilers.- The remarks made m (he [irevioiis .section 
about bonding and thickness of wails a|)plv also to the lining of water-tube boilers, 
but greater care is necessary m setting the bricks and, as a general rule, the walls 
are much thicker than the minimum a'rcady slated. The firebrick lining is generally 
bonded every other course in the front wall, and every third course m the aide walls, 
with the ordinary bricks of the outside walls. 

The engineer-chemist should make a careful examination of the condition of 
the firebrick lining and the extent to which the bricks have deteriorated under the 
intense hifat. 

The lining of the front wall and of the front portion of the side Walls and the 
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whole of the coking arches should lie of special firebrick, such as Glenboig of similar 
bricks. • The side wall lining, with'Hhe exception just noted, should be of a good 
quality firebrick tested in the laboratory before use by baking in the muffle furnace 
and then immersing in cold water. 

A misguided passion for cheapness has caused many firms to substitute ordinary 
brick for firebrick in the back walls and parti? of the side walls of boilers. This 
construction is frequently possible with multiple drum boilers, but in no case is it 
recommended. Its feasibility is determined by the temperatures at which gases 
come in contact with the brickwork, and in the case of boilers in which the gases 
sweep direct from the furnace Jx) the back wall before commencing their upward 
path, any attempt to dispense with firebrick will be attended with disaster. 

Attention has already been drawn to the very serious waste of heat wlfich occurs 
through radiation when the walls of water-tube boilers are of ordinary brick con¬ 
struction. One method of reducing this waste is to encase the boiler in steel, either 
leaving an air-space or packing insulating material between the steel casing and 
the firebrick lining. Alternatively special bricks may be used for the lining. The 
nonpareil brick made by Messrs. Newalls might be quoted as an example of special 
brick suitable for this purpose. These bricks are made from a mixture of diato- 
maceous earth with ^small percentages of special clay and cork granules. Thft 
diatomaccous earth is almost pure silica, consisting of multitudes of tiny shells 
each containing air. The bricks when finished owe their efficiency largely to the 
presence of this “ .still ” air, but some of the credit is due to the fact that after being 
moulded they are subjected to a special baking process. The cellular construction 
left by the disappearance o&,the cork granules during baking largely increases the 
amount of “ still ” air in the brick. The bycks withstand a temperature of 1600° F. 
without .shrinking, are capable of carrying a load of i:}0 pounds per square inch, and 
will Save for use 90 per cent, of the heat units which would leak through ordinary 
red brick. 

All walls must be built straight and plumb, and thoroughly grouted at each 
course. Well-mixed mortar, composed of one part oi Portland cement to two parts 
of clean sharp sand, is necessary for red brickwork walls extending fro^'the founda¬ 
tions to the floor level. On all red brickwork from the floor line up, well-mixed 
mortar, composed of one part freshly burnt lime to three parts clean sharp sand, 
should be used. The mortar must not be applied while hot from the slaking of 
freshly burnt lime. • • 

The bricks should be laid in courses of three stretchers to one header—i.e., every 
fourth course should be a header counsc. 

In the multiple-drum type of water-tubfc boiler Ihe mud drums hang from the 
steam drums. In other words, they are held in position by the tubes expanded 
into them. It is therefore of vital importance that the mud drums shall be free 
to expand, and not be held rigidly by the brickwojk. The method generally adopted 
to meet the requirements of such boilers is to build a brick arcl^ round the mud 
drums, with a clearance of 1 inch all roimd, which is filled in with asbestos rope. 

Brioks’on top of steel supporting sheets should be laid in lime mortar with tlie 
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joints open at the upper edge, and after all the bricks are in place these joints should 
be slushed with cement, forming a layer on top tif the brieks at least I inch thiek. 

(2) Arrangement of Bajffles.—Tha engineer-cuemist should examine the baffling 
arrangements personally, because upon theni the efficient working of a boiler depends 
to a marked degree. The arrangements vary with different types of water-tube 
boilers, but in the multiple drum tVpc they consist of firebrick or cellmsulate slabs 
resting on the water tulies and sup))orte<t by a cast-iron 1 or It beam let into the 
side walls of the boiler. Tliese slabs should meet on the centre line of each lube, 
as .shown in fig. 212. 

8imilar firebrick tile.s are often placed on the wall in froni of the front mud drum 
to provide a gas-tight seal, which will at the .same time allow forli movement of the 
drum when the tub.'s expand. , 

The baffling arrangement deflecting the ga.vs jiast and through the superheater 
must be in perfect order, so that the games may neither short-circuit through the 
superheater and burn the tubes nor miss the tubes and produce a low superheat. 



I'ai. 2IJ --Akiumm'mi ST oi BaI-ii-u Tilfs. 


A considerable quantity of soot generally collects about the inelined surf,ices ol the 
superheater, etc. This must all be clear|‘d away, as oilierwise the tubes may waste 
away externally. The danger is increased if the soot for anv reason becomes wet 

The bearer bars and other siipjiorts of the bailie tiles should be exainmeu for 
signs of burning. If this precaution is neglected the whole bank of slabs may f.dl 
and, becoming wedged at the back of the stoker, cause seiioiis daiiiage. 

In some designs ordinary hrebricks are used for baffling, and m such a case 
fireclay must be applied very thinly, its function being not to holil the bricks together, 
but to prevent gases leaking through the baffling in ca.se the bricks do not make a 
tight fit with each other. The back baffles occasionally rest on a shelf made by 
bonding a row of larger baffles with the brickwork of the wall, the purpose being 
to provide an adjustable seal and means whereby the top ends of the tubes may be 
examined. 

(3) Furnace Arches .—The laying of any’ arch, whether it is an arch over an,inapec- 
tioii door, stoker arch, or coking arch, must be done in a special manner, accordmg 
to the function of the arch. An inspection arch in the wall of a boiler has to take 
the weight of brickwork above it. A coking arch must be very flat to throw down 
the heat. Such an arch cannot carry any weight. All arches must be constructed 
of the very best grade of firebrick obtainable. 

It is essential that in all brickwork the greatest care should be taken to keep the 
jbints as thin as possible; the fireclay in which the bricks ate set should be mixed 






^uite thin, the bricks dipped into it and rubbed to a joint. If thick joints are 
used thft brickwork will crack and ’all away very soon after fires are put under 
the boiler. 1 

All bricks should be rubbed down to a smooth surface on a board, dipped in 
liquid fireclay, and hammered home, and on no account should thcy-be laid with the 
trowel. • 

The lining of the furnace immediately under the arch must be so arranged that 
it is renewable without disturbing the arch itself; but it must bo tied at various 
points to prevent it falling away. 

A space of 1 inch must be left between the top of the arch and the lintel plate 
immediately above it, to permit of the free expansion of the brickw'ork, and every 
alternate brick in the end of the arch should be inches lyng instead of the 
usual inches, in order to do away with the use of half-bricks for finishing the 
bonding, as these are liable to fall out and allow the fiame to attack the cojurses 
behind them. 

Before starting to build the arch itself, it is necessary to lay off the lines of the 
skew-back. While laying off the skew-back, and while laying the brick in same, 
use a good straight-edge the length of the arch. See particularly that the skew- 
backs have no lumps, bumps,* or other irregularities. See that the two skew-backs^ 
are perfectly parallel, level, and in line the one with the other. Keep using the 
straight-edge until the surfaces are smooth and regular. 

The centre on which to turn the arch should be made as follows; 

Have three segments of the proper length and radius cut from 1 ^-incll plank. 
Let the distance between thjf^ two outer segments be 6 inches less than the length 
of the arch; place the third sd^ment in the centre of the two outer ones. See that 
they are parallel with each other when nailed up. Batten the segments with 1-inch 
square strips, smooth and straight, .and laid close together. 

After the strips are well and securely nailed to segments, plane off to a true 
circle. Wlien the centre is completed, set in place, being careful that the two 
outside strips line exactly with skew-backs. If they'will not lino, either the skew- 
backs or centre must be wrong, and shouldibe corrected before a single brick is 
laid. 

When the centre is set and found correct, select smooth, straight and uniform 


wedge brick. Have the solution of fireclay soft and well mixed. Do not use a 
trowel; dip the brick«and push up close, tapping to place with a brick hapjmer. 

The width of an arch is generally determined by the distance between the 
walls. The corresponding camber and radius may be obtained from fig. 21'3, which 
has been most carefully prepared to furnish exact sizes for the practical guidance 
of the engineer-chemist.- 

(4) Firebridges.—Boileia equipped with mechanical stokers are not generally 
fitted with firebridges. In some instances a brick wall is built in the lower half of 
a Lancashire boiler furnace to* stop clinker an(f ashes from being pushed further 
into the flue, instead of being raked out, when the fireman comes to remove them. 

Water-tuffe boilers are fitted with firebridges only when stoked by hand. • 

• • 
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Firebridges are found at the l)ack of all grates fitted to Ijaiicashire, water- 
tube, and niiiriiie boilers, when these are fired by hand. Locomotive boders, and 
occasionally vertical boilers, are fitted with brick deflecting arches to protect the 
ends of the tubes from becoming overheated. 

The function of a firebridge is twofohl '-firstly, to stop fuel from falling over the 
back of the grate, and .secondly, when it is incandescent, to assist in igniting the 
volatile gases as they leave the boiler. With regard to the latter function, \arious 
ty]ie8 of patent bridges have been perfected (see figs .‘$:i and !)l). 



F'm J’r.r Hh'n\j Ks IliiiiiiT, litimss. and Disrwf k nirw h.n Wu-is kdr 

FfKS\CI? 'lU'llh'l 


A firebridge which will prevent fuel from falling over the back of the grate, and 
will offer a large heating surface to the gases as they leave the grate, may be easily 
constructed of coniuion firebrick. Tn order to achieve this object the bridge ia 
built rather deejier and one ceiirse higher than the ordinary solid firebridge. To 
compensate for the reduction in flue area, due to the additional height, bricks are 
left out in the two ujiper courses to form a number of channels. It is most msjiortant 
to make the bridge deep, so that the gases leaving the grate may pass through and 
over incandescent channels of firebrick. Such a bridge is illustrated in fig. 214. 
The excess number of bricks used is due solely to the additional thickness necessary 
to make efficient channels. 
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In most boilers the grate is too long for the intensity of the draught, and by 
reducing the grate area more complete combustion can be obtained. In any case, 
the back part of the grate is generally only partially covered with fuel, causing bad 
air leaks; and an increase in the depth of the firebridge will have a beneficial effect. 


A 



[“As little fireclay as possible &4iould be used in building firebridges, as when the clay 
becomes hard it falls‘away. The bricks then bec(^e loose, and when the fires are 
being cleaned a knock with the rake sends the bricks over the end of the dead plate 
into the flue. 


t'JlAPTKR XVJII 

•LAYING LI’ ’ 

(«) Internal I’recaitlitinn. -AWwn a boilar Ima boeii aleanod, an»l is not to be used 
for some time, .s|)eaial juaaautions are nacessarv to fi;uard a({ainst corrosion.’ Typical 
cases rcqiiirinmspecial precautions are: boilers on board a slii|) lying up during llie 
n inter, boilers ot power stations supplying residential areas aiul therefore having a 
light load in the summer, factory boilers which supply steam to machinery only used 
during the season (as, for instance, iii meat-canning in the Argentine or sugar-boiling 
in the AVest Indies). 

When the boiler- has been cll■aned and wa.shad out with clean fresh water, the 
plates enclosing the sfeam sjiaae. when ilrjq should be ])aiiited with a wash ot white 
zinc and kerosene. AVIieii the paint is dry the bottom inau-holes are carefully jmt 
111 place and tightened uj), and the boiler Ls prepared for laying up either on the 
“ full method " or the " empty method.” 

The “ full method " reipiires that the boder be filled to the very top with clean 
water. The water must be absolutely pure: in other wonls, it must conlaiii no 
organic matter, acid impurities, corrosive salts in solution or susjiension, and no 
solid non-eorro.sive matter. The boiler may be filled absolutely full by msertiiq; a 
hose pipe in the top man-hole, provided that the latter is on the centre hue of the 
boiler. If the man-hole is off the centre, as is often the case with marine boilers. 
or is in the end of the steam drum, as in th(“ ca,se of water-tube boih'rs, this method 
will only partially fill the boiler. In such cases the remaining (piantitv required to 
fill the boiler to the to]) nu..st be ])uni])eil in through the cheek valve in the usual 
manner. • 

The pressure gauge should be disconnected, because it is fitted to the highest 
part of the steam space, and its removal will therefoi'e permit all air to escape. 
When the water flows from the pressure gauge jupe, the jmmp, which has already 
been slowed down, is stopped. 

A very small fire should be lighted —preferably a wood fire —and arrangements 
should b(3 made to collect the water escaping from the pressure gauge piiic. As the 
water is heated it expands, and ilie air it expelled, together with water displaced by 
the expansion. The expelled air and surplus water leave the boiler with much 
spluttering, and therefore a small tank rather than a bucket should be provided to 
collect the overflow. AVhen the top of the boiler is so hot that it is impossible to 
touch it for longer than five seconifs, the fire should be allowed to die out. AVhen 
the fire is dead, tne pressure gauge should be replaced. Some authorities advocate 

* Metallte Striieturee, Corrosion, FmUingt and their Prevention, T. Newman. 
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r' removing the safety-valve and covering the opening with a blind flange, although 
!\ they arfl divided on the question whether this should be done before or after the 
boiler is full. Should steam pressure accidentally, accumulate, the absence of the 
safety-valve might result m disaster of the first magnitude. 

If the procedure outlined above is faithfully observed, there will be no space in 
, w'hich steam can condense and form a vacuum \^ich might result in the admission 
, of air. * • 

The boiler is now full of water from which the air has been expelled. 

As the “ full method ” requires constant and minute watchfulness while the air 
is being expelled, some mechanics do not completely fill the boiler, but bring the 
water to boiling-point. When this is done, steam accumulates in the boiler. Later 
the steam rfjpndenses, and a partial vacuum is formed. A certarln ar'ea of the shell 
plates enclosing the steam space k therefore exposed to vapour, although no 
oxygen is present. Also the bofler is constantly subjected to the pressure of the 
atmosphere. In this connection it should be remembered that boilers have collapsed 
under such pressure. It is absolutely essential that no air should collect in any 
pockets, and that all fittings should be absolutely tight. 

The “.empty ” method rej[uires that the inside of the boiler be bone dry. After 
the boiler has been dfained, the water still remaining is scooped out into buckets, 
and the shell is vigorously mopped. When this h;*s been done, fires are lighted in 
two fire-boxes, similar to those used by railway watchmen, or in two large buckets 
suitably perforated. The fire-boxes, or buckets, are then hung, or stood, in front 
of the boiler, so that the air passing through the boiler, and following th*e course 
normally taken by the presiuots of combustion, will be warmed sufficiently to 
evaporate all the remaining moisture insid^ the boiler without any damaging effect 
upon the interior surface. 

When the plates no longer feci chilly to the hand, the bottom man-holes are put 
in position. A brazier is prepared, containing pure chaiooal and nothing else. On 
no account must any substitute material be used, for the whole purpose of introducing 
fcthe brazier will be defeated unless the fuel is absolutefy free from sulphur and volatile 
Iprodujts. When the brazier is well alight, it Should be hung, or set, insiefe the boiler, 
jjjKnd the top man-hole put in position. ^The oxygen contained m the air inside the 
Kboiler is reduced to carbon dioxide, and because this can promote corrosion in 
the presence of moisture it is essential that the boilej should be perfectly dry 
inside. * » 

This method is not so easy to work as the “ full ” method, but it is widely adopted 
iif the Eoyal Navy. The “ full ” method finds favour with engineers in the mer¬ 
cantile marine and ashore. • 

Wheta a boiler is laid up on the “ full ” method, it is good practice to introduce 
about 3 pounds of soda before filling. By this means corrosion due to possible 
undetect^ acidity in the water will be prevented. Slightly alkaline wrter does 
not cause corrosion, but excesaively alkaline water is bad because the brass fittings 
corrode. Ammonia salts must on no account be used to create aUcaliitity, because 
these attack iron and brass. ' 
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In very cold climates fires should regularly stand in front of boilers out of use, 
because frost has a had effect on steel. Steel which Jias not been protected from 
frost is liable io fail under high stresses. 'vVherever freezing temperatures are 
reached, all fittings must he ttiped dry internally, as the “full ” method eannot, 
of course, be a<io])ted. IVater on freezing e.xpands before it contracts, and the 
force thus e.xerted is sufiieient to burst any of the fittings. As very little moisture 
is held in sus|K'usion, boilers in dry northern climates may be left open' provided 
they have been thoroughly dried. 

When a boiler is laid up on the “ em])ty ’’ method, the engineer-chemist must 
verify by a most thorough iiersonal inspection that it is absolutely empty anil 



absolutely dry Tools or other gear left on the furnace will cause overheating when 
the boiler is again jmt in operaVioii. with results shown m fig 'il."), if the metal iwof 
special ipiahty, and so does not fail iitiiler the dcstortion. 

If the metal fails, an irregular collapse or e.xplosion takes place. 

The engineer-chemist's clioiee of the “ full " or the “ empty " method of pre¬ 
serving his boilers when laid up will dejiend u]am the conclusions to which his 
experience and chemical re.search have led him. One school is inclmed to believe 
that carbon dioxide is the dominating influence in producing corrosion. This view 
is entitled to respect, although there is great weight of authority for the ijpposite 
opinion that oxygen alone ls the deciding factor. 

(fi) Estenml Precautions.—\t is usual to attend to the inside of a boiler first, so 
that it may be closed up as soon as possible, to jircvent corrosion commencing. 

The outside of the boiler will receive attention according to its construction. 
Lancashire and similar boilers will have been thoroughly cleaned in preiiaratioii for 
external ins'pertion, so that a periodical e.xamination. to make sure no moisture 
is'forming, wiU be all that is necessary. 
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factory boilers, when laid up for imy length of time, may with advantage receive 
two coats of oxide of iron paint. If, however, the plant is in the tropics, an appli¬ 
cation of good red lead paint will proi^e to be a better protection against the ravages 
of a damp atmosphere. All paint that ^s applied to the outside of a boiler may, 
of course, be mixed with ordinary vegetable oils. It is only for use hisido the boiler 
that these oils are forbidden. The whole external surface of a boiler will, of course, 
not be painted, but only that which is subjected to atmospheric corrosion. The 
surface to be painted will vary to a considerable extent, because some boilers are 
properly lagged, whilst others are covered with poor composition which, if moist, 
offers every facility for corrosion ^o take place. 

If any lagging has been removed for the purpose of inspecting the boiler, it is 
a good plai^ to leave it off and give the boiler shell a good painting.' The lagging 
can be replaced when the boiler is ready for work again. In any case, the lagging 
j will bind with the steel plates much better if it is put on when these are warm.. 

, As a matter of precaution, it is good practice to remove all brickwork in the 

I neighboiuhood of Beams,’riveted joints; and fittings, so that the chances of corrosion 
may be reduced to a minimum. Boilers that are properly housed, or boilers on board 
ship, may, be protected against excessive cold by making sure the boiler space is 
weather-proof. Of course, the engineer-chemist will not allow every shower of rain , 
to wash down the boilers, when this can be prevented by covering the fiddley tops 
or shutting a skylight or mending the .roof. 

Wlien boilers are to bo laid up for any length of time, the firing floor should be 
thoroughly cleaned. Boilers are generally cleaned before “laying up,” Tmt an 
accumulation of ashes and soot is frequently left where it was dumped when cleaning 
was in'progress, so that a stranger may be excused if he thinks the boilers have only 
just been closed down. It is not sufficient to' clean the outside of the boilers only, 
but aB conduits under the floor should be freed of ashes or other dirt, and the pipes 
cleaned and examined for corrosion and leaks. 

In many insj^ances such “ laying-up ” affords the engineer-chemist his only 
oppertunity to undertake large repairs, and if he has tept a careful diary, recordiug 
the repairs necessary whenever he has noticed faults, the plant shoul^ i)e in good 
working order when the time arrives to jjpt the boilers once more in operation. 

It is a common sight to see unburut fuel and clinker lying on the grate of a 
boiler long after the boiler has stopped working. Such negligence is frequently 
characteristic of the general management of the plant. > 

Special precautions are necessary if boilers are subject to flooding or to intense 
cold. Intense^ cold has a serious effect on steel plfites, and whenever possible the 
boiler house or stokehold should be closed, so that the ’temperature of the atmosphere 
shall not*readily penetrate into this space.' It is good practice to keep the tem¬ 
perature of the boiler room as uniform as possible, and this may easily be accom¬ 
plished by standing a small brazier in front of ev.ery boiler. In cold climat 'js it is 
of great importance to make perfectly sure that no condensed steaiu remains in any 

fittings, valves, pipes, or other vessels. 

<1 

* Trans. Kaat Coast Inst., August, 101/5. 
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The bad effect of dampness has been mentioned in other coraicctions. All boiler 
houses which arc situated near rivers, or ate otherwise liable to flooding, should, of 
course, be so designed that there is no feat of tho water teaching the boilers. This 
precaution is very often omitted, and there, arc plants in existence which suffer very 
badly from waict trouble dining the winter months. Main fliies which run under * 
the ground miLst also be protected from Hood. 

Modeen iiractice, especially in tin' case of water-tube boilers, is to place the unit 
above the ground-level, so that ash trucks may convcmently be tun under the • 
boilers for the purpose of removing the ashes from apei ml shoots built under the 
boilers. With siicli instalhitinns the danger of fliioiliiig is remote. There are a 
verv large number of boilers on the ground-level, or even below the ground, and it 
froiiucntiy ha'ppein that water eolleets in the stoker pits. “When boilers so located 
are lahl up for anv length of lime, and the mo'stiire is no longer evaporated and the 
brickwork ke)it dry by heat riuliateil from the grate, special care is necessary. 
Boiler houses built on soft ground suffer more in this respect Ihaii'those erected on a 
.solid earth, because the weight of the boilers apparentlv assists in pressing the 
moisture out of the surrounding substrata. 
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SECTION F/.—OVERHAULINC/ AUXILIARY Ri:jrx¥" 


CHAPTER XIX 

AUXILMRY APPLIANCES 


The auxiliary plant should receive the same painstaking attention as tlA) boilers 
themselves. Although a defect in the auxiliary apparatus may not lead to a 
stoppage of the works, it is quite likely to cause great inconvenience, and may 
possibly be responsible for an explosion. 

(a) Superheater .—The defects of 8i5)erheaters depend to a certain extent upon 
the position of the apparatus, which may be at the end of a Jjancashire boiler, high 
up on a water-tube boiler, inside 
the tubes of a marine or locomotive • 


boiler, or entirely outside the boiler 
structure.^ ^ Pig. 216 shows a 
“Unit” patent superheater as 
fitted to a water-tube boiler. 

In the case of a Lancashire 
boiler,* the brickwork covering 
should be removed, if nexiessary, to 
enable a thorough, cleaning and 
inspection of the superheater to 
take place. The tubes of the 
superheater should be properly 
cleaned with an air blast—in no 
circumstances must steam be used 
for the purpose—and thoroughly 
scrubbed with wire brushes. The 
header and the neclm of all the 



tubes will also be examined for pio. umt” supiBHEATE* fitted to a JVateb. 

signs of corrosion. The tubes are Tpbe Boileb. 

generally solid Srawn seamless steel • * 

tubes expanded into steel headers, but the joints should be examined for leaks. The 
interior 8f the tubes may be coated with scale due to priming of the boiler, and 
in such cases the bend at the bottom may be fulj of sediment. If a superheater 
shows serious signs'of scale or external waiting, one of the tubes should be withdrawn 

* “ Large Locomotive Boilers,” G. S. Churchwarden, Trans. InM. Meek. Eng., 1906. 

* SaperJteating on Continental Locomotives, E. Sauvage, Paris. 
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and cut through ui order that the aj)])earan('e of the interior may he thoroughly 
inspected. In view of tlie risk tliat an explosion may result in the near future if 
proper precautions are not taken in this resjiect, fhe lo.ss of a single tube is a cheap 
price to pay for the data necessary for a correct judgment coneeriniig the condition 
of the sujicrhisater. 

If the ends of the tubes are fitted with cajis or jdiigs, an internal inspection 
should be made at least twice a year, hut if the sujierlieater is of the large cover 
type, requiring the withdrawal of many bolts before the cover can be lifted, the 
interval between suecessive examinations may be extended to a yeai. 

Accumulation of .soot and biiriiing of the lower ends of the tubes are common 
faults. Special attention should be given to tht cleaning, partieulailv round the 
expanded joints^oiind the boxes (.see figs. IHI and 18")) 

It IS very advisable to test the superheater with hvdraidie jiressiiri' equal to the 
original test pressure m order to make sure'everything is m order.' The i)re8.sure 
gauge and the safetv-valve should be removed, cleaned, and tested. The safety- 
valve must be steam-tight and easy to work, before it is lejilaeed. 

It IS of the utmost im|iortance that tint sujierlieater dram should be in jierfeet 
working order, and that the ilram jiipe .should be absoliitelv clear. 

In some cases it is necessary to flood the sujierlieater when st.irtmg a 
boiler in order to avoid burning out the tubes All units which are worked 
in this manner must be fitted with a s.ifetv-valve 


When laving iiji a boiler it is 
generally acKisable to flood the 
sii|ierlieater, but this will dcjiend 
on it's jiosition and the general con¬ 
ditions under which the jilant. is 
ojierated (see Cliajiter XVllli. 

Trouble IS often ex|jerieiiced with 
large su|)ei heal CIS which have been 
fitted to small liigh-jiressure boilers 
111 the beliel that the larger the 
Mijierheater the more eJlieieiit will 
be the siijierhealiiig of the steam. 
The reason for the trouble in .such 
a case is not far to seek. A jioiind 
ot steam at It) jioiinds gauge pres¬ 
sure occupies 7-li eubie feet as 
eonijiared with the ‘2-!)C> laibic feet 
oceujiieil by a jwund of steam at 
Kit) jHiiinds gauge jiressiire. It is 
obvious that if the same number of I ubes arc einjiloyed in both cases, the speed 
at which steam passes through the siijierheatcr tubes at 101) jiounds gauge pressure 

' “Kffcct of Itepetition Stressea on Matenala,” I'rof, F. ('. bca, Emttxerim, vol. Jl.'i. 

. p 217. 



Fio 217. — Lam'asiiikk Hoilik niTsoonii 
C'oMi’Oi SI) TruK “ l'\n ’ Si vkhiib^twi. 
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will only be one-third of that attained by steam at 40 pounds gauge pressure— 
assuming the evaporation to be the same in both cases. When, therefore, a 
greater number of tubes are employed than are strictly necessary for the volume 
of steam to be dealt with, 
the flow of steam through 
the tubes is uneven and, the 
volume not being sufficient 
to supply all the tubes 
equally, those having the 
lowest steam speed quickly 
burn out because the 
steam in them Ls super¬ 
heated to the point of 
IdLssociation. * 

I When water in the 

k , . , Km. 218.- -Kepi,ackmest of Ti'bb Ki.emesto iiv Siiobt- 

K>rm 01 steam is passeq (’iRociTr.Nu Loon is a “Unit'’ SurEBiiEATEii. 

^er hot iron, it splits up * 

Into its component parts, and the oxygen combines with the iron, resulting in the 
quick reduction of the tube surfaces into oxide of iron. 

In special cases whbre a high degree of ‘superheat Ls required, the tubes 
must be specially de.signed for this purpose. Fig. 217 shows a Lancashire boiler 

fitted with patent comyiound tube 
‘‘Unit” superheater. • 

A superheater should be ilesigned 
.so that the degree of superheat may 
• be regulated as desired. Fig. 218 
.shows the replacement of tube 
elements in a “Unit’’ superheater' 
by short-circuiting loops—a simple 
and e%.ctive means of controlling 
the degree of superheat. 

Should a tube burn out whilst 
• the boiler is at work, it must bo 
possible to withdraw or blank off 
. the damaged tube. Fig. 219 shows 

Ljl^ a “Unit” superheater header with 

emergency stoppers replacing‘tube 
ITto. 2 i9. —^Emebowcy Stoiteks bkplacinu Tcbe element, and secured by the same 
Cements anu secukki) by the same Clamps ash •datnps and bolts 

, (6) Economizer and Gear .—The 


usual installation consists of a “ Green ” type cast-iron tube econoraixer of the 
required number of tubes, arranged either in series or in parallel. 

An economizer is really a continuation of the boiler, with the one gieat ijifference 
that while t^je boiler must add sufficient heat to the water to convert it into . 

i 
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steam at the working pressure, the economizer must add only such heat as can 
be absorbed by the water witliout conversion into steam. By thinking of the 
economizer in tliis way wc get clearly in pur minds the vital point that steam 
must not be formed in the economizer. If steam does form, water-hammer 
will occur. 

Boilers attached to the ordi.iary factory generate steam during the daytime 
only, and fires are banked during the night. When the fires are shaken up in the 
morning, the boilers are generally full i»f vater, having been ])uniped up to “ full 
glass ” the night before, so that the feed valve is not ojiened until the factory com¬ 
mences working. If hot gases pass through the economizer during the, night period, 
when the apparatus is not working with the boiler and serves merely as a container 
for water, tiiis water will soon be raised to boiling-jioint. In order to avoid water- 
hammer, therefore, the by-pass damjiers niiiat be eased in the evening, .so that only 
sufficient heat will reach the economizer to kceji the tubes warm. In the morning 
these dampers must not be fullv opened iintd the feed pumps are [iiit in operation. 

If steam forms in the economizer, the tubes,may become luiriit, and if comparatively 
cold water is allowed to take the place of the steam, the tubes are offered every 
inducement to leak, and may also possibly crack. Fig 220 illustrates some detects 
in economizer pipes. 

The piece of pipe at “A,” was blown out. It had probahlv been previously 
weakened by overheating, as already described “ B " shows a jiwec of economizer 
pipe which was broken owing to the e,xce.ssive thickness of scale in its interior. The 
dilfei'ence in expansion bctiveen the scale and the metal of the pipe is almost 
as great as that developed when water cominenees to freeze. Feonomizers 
must therelore never be left full of water during the winter if not ’vorking. 

A piece of jiipe which has heeome*severely wasted under the scale is shown , 
at “ C." 

tt'hen an economizer is to be cleaned the procediiie is soniewlial similai to that 
adopted when preparing a boiler for cleaning. The economizer iinnst first be 
emptied, but before this eai*he done the hy-pass ilampers must'hi* opened and the 
economt^er damper shut. When tjie econoiiiizer has had time to cool, the water ^ 
will be run out through the dram valve. It is just as important nitli an ei.onomizer 
as with a boiler that the cooling and emptying should be a very gradual process. 

It has already been stated that if the installation is below the ground-level all 
inanoervring valves should be fitted with extended spindles. Before running the 
economizer empty, the lever weighted safety-valve must be tried, and if there is 
no pressure the valve must be removed so that air can displace the water n'hen the 
latter runs out. All caps can tlieii^ be removed from the top boxes, and all the 
inspection doors from the bottom headers. 

W’hilst this work is going on, the cleaners will remove all the soot from the pit , 
under the tubes. This is a tedious job, and in order to save time and labour some 
firms have a system of vacuum pipes with branches for couplings at the inspection ■ 
doors. Gometimes the system is an extension of the ash removal plant (see 
Chapter IX). In other cases a special plant, as manufactured bj the British 
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Vacuum Co., Ltd., is installed. Fig. 221 shows, a vacuum pipe system for 
a typical *boiler plant. 



fto. 220 .—Dsfects ra Ecosomijbk Pipes. 


A flexible hose, fitted with a Special nozzle which cannot choke vjjien thrust into 
a h^p of ^t, is attached to the nearest coupling, and one man can clean all the 
1 flues, as shown in fig. 222. ^ * 

. ■ - • 
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Tliis is a truly scientific metliod, as compared with the usual manual labour, 
involving the trundling of a series of overloaded wheelbarrows, which leave a trail 
of soot all the way to the ash heap. 

When the soot has been removed froiNthe flue chamber, from the bottom soot 
pit, and from around the pipes a^id boxes, all the tubes that can be reached should 
be brushed down with wire brushes, and the scraper gear jiroperly cleaned. If the 
gear is covered with solid matter a long chisel bar must he used. 

For thorough examination of the economizer there must be access to each end 
in the flue, and at least on one side. ,, 

If there is no special jirovision for pa.ssagc aloftg one side of the ajiparatus, large 
openings with doors should be jilaced near together m the side walls. The vertical 
pipes frequently fibcome seriously weakened by wa.sting at the bottom ends-externally. 
Complete flue examination is therefore very Tm|)ortant. 



In some.ca.ses time does not permit of the removal of all the caps. Cnjer such 
circumstances at least one ca]) should be fi'moved in each section 

Fading complete opening, the jiipes ojiened should be those not recently opened 
for inspection. It is advisable that the exact jiosition of each jiipe opened be shown 
on a plitii kept by the engineer-chemist, and that on this ])la*n the date of opening 
be entered. The object of this record is to enable the cngineer-chemLst to have 
all pipes opened and cleaned in regular order, anil to avoid tl*e same pJjies 
being repeatedly opened and other ptpes not opened. The interior of the pipes 
should be thoroughly cleaned. All the bottom boxes should be opened and 
cleaned. 

The safety-valves, blow-down cock or valve, and inlet and outlet valves should 
be taken adnft^cleaned, and overhauled at least twllce a year. The best practice is 
to take the mounting into the repair shop and do the W'ork there. , 

In the case of economizers fitted with external ^caps held in position by internal 
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bolts, all caps should be removed once a year, and the bolts carefully examined, as 
these are* liable to waste both at the head and in the body. If, for any 
reason, all cannot be examined at the same time, a few should be removed 
from time to time until the whole have been inspected. Economizer tubes 
require the special attention already prescribed for the inside’ of tubes of 
water-tube boilers situated immediately over the &re. 



The internal examination dowh the pipes'is useful to determine the amount of 
nerustajibn, but, as a rule, no reliable determination of the extent of corrosion can 
>e made in this way, and many of the pipes cannot be got at externally for sounding 
ir for callipering in case of external corrosion. It is, therefore, advisable, in some 
ases, that the economizer be subjected to hydraulic test to about twice the safety- 
alve load^and where serious internal corrosion is' suspected it may be' advisable 
) break up one or more pipes for special examination. 
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The various parts of an oconoinizer which are specially liable to conode are 
shown in fip. 223. 

When burning fuel containing a large percentage of volatile matter, it is of 
special importance that the tem]ierature ef the water as it enters the economizer 
should be not fower than IKV’ F. If this temperature is not maintained the gases 
will comleii.se and form tar, wlnc^, iiii.xing with the soot, will form "a sticky mass 
beyond the ])ower of scrajiers to remove. 

When boilers are. fitted with steam jets the economizers must be carefully watched, 
because very little of the steam from the jets is split iiji into its eomjxmcnt partj. 

Not being decomjiosed, the steam condenses to hjrin water, and as niiich as a ton 
may be formed per boiler per hour. Most of this collects in the ceonoinizer chamber. 

Tile ^xpansion'slieiida between groups of economizers should be takefl down, and 
the bottom and toji boxes sighted, or tried With a steel wire drawn right through 
and‘held taut. 

Cast-iron economizers have been ruined bv faulty erection, and becau.se cast- 
iron cannot be sjiriing to any extent, joints leik from the very first if the economizer 
is out of line An economizer that is really in line, anil the. pipes of which are dead 
plumb, gives no trouble in tins res|)ect. . • 

The safetv-valve overflow pipe should be as straight a» jiossible. The safety 
valve it.self should be provlded^Mth a siioiit under winch is the. large cone attached 
to the pijie. A closed, or bolted, joint connection is inadvisable, because the pipe is 
often not straight., or it is blocked nifli cinders, in either of winch cases the water 
cannot get aiiay, and may cause damage. In the open arrangement the water will 
overflow if it cannot e.scajie otlierttisc f ‘ ^ 

Economizers should always be sitiiaW'd above ground-level, so that they can be 
kept thoroughly drv. and if the main fine is constructed in a proper niaiiii^T the 
slight rise necessary to carry the gases through the centre of fhe eciTiiomizer will 
make no difference to the draught. 

Steel-tube economizers Mere desciibed m Chapter VI (p. HIT), where it was 
stated that, due to their coiiijiaratively recent introduction, an adeipiate ijiiantity 
of reliablct information is not vet ai’ailable concerning their deterioration. Such 
information as is to hand .shows that [utt«ig and corrosion due to oxidation pf the 
steel must be guarded against This tyjie of economizer has been introduced because, 
with the very high working jiressures m vogue to-day, a certain element of fear has 
crept mtft the minds of some engineers with reference to the po.ssibilitie8 of failure 
of cast-jron. Dejiosits of grea.se have not given the serious results that might hfive 
been expected, judging from the serious effect which the thinnest Aim of grehse 
produces on the heating surfaces of toilers. The danger of burnt tubes is small 
inless the baffling arrangements are faulty, but this depends to a certain ^tjtent on 
low the water circulates through the tubes. 

In all cases the caps should be removed once a year, even though the boiler is ■ 
ed with pure djstilled water. If any corrosion is sfien round the necks of the tubes 
ir on the iiiTide walls of the header, small strips of zinc, covered with amalg^im, should 

oe fixed on the outlet side of the header. . i 

«• , . : 
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On account of the higher pressure at which economizers* are operated when 
they are incorporated with water-tube boilers, extra care is required when making 
the joints, and cleanliness is of great importance. If the outside of the tubes 
cannot be cleaned periodically with a soot, blower, a long iron chain should bo 
drawn over each row of tubes to make sure that no soot has caked hard between 
the tubes. 

(c) Pumps, Meters, and Injectors .—It has already been pointed out that all 
steam wasted in the boiler department reduces the quantity that the engineer- 
chemist can supply to the factory. He should therefore exercise the strictest 
economy in this respect, and keep the steam con.srtm])tion of the auxiliatie.s under 
ob.servation. 



Pumps are often in a bad state of repa.r anil, as they generally exhaust to atmo- 
•sphere, they consume far too large a percentage of the total steam generated The 
reasons for this waste are leaky steam pist»ns and faulty valve gear. The juidons 
o^ pumps, and esjiecially of .small reciprocating engines, are often fitted with a single 
deep ring which is far too stiff, and. being fitted with a large brass tongue piece, docs 
not follow*tlic bore of the cylinder, cspei ially if this has become barrelled. In such 
cases thj deep piston ring .should be taken out, and two or thrac sm.ill ordiiuwy 
Ramsbottom rings fitted, with a packing ring to make ii|) the iiecessia’v thickness. 
A piston fitted with a number of small rtngs is .shown in fig. •221. ^ 

The conversion can be effected by the rejiair shop .staff. ' * 

The engineer-chemist should keep a description of eviTy auxiliary machine 
under his care, with a sketch of th»steam and water ]ii.ston rings, brass glands, and 
jther details. TJiis information may convenientlv Tie set out in the form shown 
n Table VI.* 
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TABLE VI 

Pump Information Sheet 

Works reference number.*..i.. 

Function and situation.«. 

Makers’ name and number., 

Description and type. 

Diameter of cylinders. 

Stroke .. 

Normal number of strokes per minute. 

Steam pressure.^-» 

Back pressure.. 

Horse power. 

Steam consumption per hour. 

Steam per I.H.P. per hour.I. 

Working hours per week..;. 

Delivery pressure. 

Discharge per hour.’.. 

Efficiency... 

Steam pipe diameter. 

Exhaust pipe diameter... 

Diameter of piston rod. 

Diameter of glpuds.... 

Remarks. f . 


‘When a pump is to be overhauled, it is not necessary, if proper records are kept, 
to op(^n it up to take the sizes of the pistofl rings, glands, piston rod,> valves, or 
other details. These are made a certaivi number at a time, and put in the store. 
When the time comes for its overhauling, the pump is disconnected and taken to 
the repair shop. As the fitters take the pump adrift, the various parts that require 
skimming up in the lathe or rcboring are cleaned and given to the machine men. 
Wien the fitters .Jiave taken the pump or engine adrift and have cleaned those 
pAts that ara not worn, the new parts, such ns piston rings, neck bushes, or valves, 
are tried in position to make sure that they’arc a good fit. The various parts sent 
to the ij^hiues will now be ready, and the re-erection can commence. There will be 
no waiting while a casting is made before the piston rings can be turned. By thus 
arranging matters in advance the pump can be sent back to the pump house, coupled 
up to the range, and started onte more at w’ork with a minimum of delay. 

Rods ^ccome scored for several reasons, but with good managemenf there ne^ 
be no scoring at all. When scoring occurs, it is generally the packing that is at 
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fault, whether the part affected be a stop-valve spindle, expansion or other steam 
gland, or the piston rod of a reciprocating engine. These rods become particularly 
badly .scored. • 

There are on the market a large iiunil)»i; of e.xcellent packings which are sold 
neatly wrafiped in paper and contained in cardboard boxes. If taken out, one end 
allowed to dangle on wet ground’covered with ashes, and the other*cnd pressed 
against a dirty wall or laid on a soot-covered valve in order that a short length 
may be sheared off with a blunt lyiifc, the packing, which is generally soaked with 
cylinder oil and graphite, will pick up all sorts of grit. When a gland is packed on 
the workshop bench the packing is often thoroughly turned in a iiiiiftiire of spilt 
cnicrv powder and steel or iron filings, which remain in the packing, and score the 
rod wheii’iii position. • 

A clean jiiece of wood and a shar|) packiii* knife will remedy all this, and .save 
manv rods from becoming unnecessarily scored 

Another cause of trouble is the careless tighteiiiiig of glands, so that they are not 
sipiare to the rod, and coiiseipiently wear dnevenly. Wfien the stiifling box is 
repacked, and the gland set sipiare to the rod, the clearance is not equal, ami one 
side of the piston rod will become very hot, burning the new packing m a short 
^ime, and steam will escajie as badly*.is ever. Such glands,,if not relmslied, must 
be tightened up with the aid of testers that is, set for an eipial clearance round 
the piston rod, irrespectne of being square to the rod. ' These items may seem very 
petty, but a faulty gland can be rebuTihed only by disconneef mg the. cross head, 
raising tlie piston rod, and slipping off the gland, all of which costs time and, there¬ 
fore, money, which can easilv be saved. ^ • 

Further, a scored rod must be skimiiqsl u[) in the lathe, or ground m a grinding 
machine, if the repair shop contains such a rellnement, and a perfectly new set of 
neck bushes and glands is necessary, which is efeii more expenstve. ' 

Ordinary asbc.stos jiacking is satisfactory for stop-valve spindles and [larts which 
are not moved frequently, but lor recipiocating engine or puni)) roda,a good (lacking, 
such as Beldam, or Ferguson *ind Tinqison's Thistle (lacking, may be u.sed with 
advantage., ^ „ 

In packing a lalvc with soft packing, lit it a steam or wafer (laiking, the secret 
of success 13 to cut the (lacking so that the ends butt hard together. It is good 
(iractice to u.se packing a size huger than the stiifring-box size. For example, if the 
clearance*betwecn the piston and stuffing-box is 1 inch, use j inch packing, because 
the heat of the steam or water will cause some of the cylinder oiljir tallow to leaye 
the packing. If the neat size is used, it will generally be found that the gland eSn 
be screwed right home after the pump fir engine has been running a day. In that 
event the machinery must be stopped to insert an e.xtra turn of packing. 

Soft packing is cut the full circumference of the rod, and the ends securely tied 
with any soft twine. Ordinary string will serve the purpose .so long as it is not of 
the hard superior corded variety. The packing B flattened by tapping with a 
clean hamiRer on a clean board. After this treatment it will easily sli^ into the 
stuffing-box, and make a tight butt. 
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The water l)iston, or “ bucket,” as it is frequently called, may also be a cause 
of inefficient working. The piston rings wear slack, due to gritty particles in the 
feed water, and are reduced from f to f inch in thickness, so that the piston passes 
more water than it displaces. Frequently the rings have become covered with a 
mixture of clay or slimy dirt, and, iiistead of ioating nicely as they should, the 
piston and rings form one solid mass. Various naakers employ different methods for 
packing the water pistons, from hemp-packed buckets to leather cups,filled with 
special packing and alternating with soft metal rings. 

The usual type of piston, and that which gives the best results, is similar in 
construction to the steam piston, and is fitted with ordinary rings made of vulcanite 
or patent fibre. The rings can easily be fitted, are not hanl to procure, and any 
ordinary fitter, understands them, which is not always the case with patent packing. 

The infet and outlet pump valve? must be thoroughly examined and ground in, 
or renewed, if necessary. Pumps may be fitted with a series of small valves arranged 
concentrically, as in the Weir pump. This is by far the best arrangement, as it 
provides for a large inht or discharge area with a small lift. 

In many cases disc valves, made of some very tough copper alloy, are used. 
Especially in the case of condensed steam, this type works extremely well, the only 
attention required being an occasional cleaning with a rag dipped in mineral oil, such 
ns paraffin or petroleum. 

The lift of the valves is generally regulated by a set screw and locking nut in 
the valve chest cover. The set screw should be very carefully adjusted. Makers of 
repute often use a thin brown paper joint painted with red lead paint for iihe valve 
chest cover. When the pumj) is closed up after repairing, an insertion joint ,V inch 
thick is often used, because nb paper is handy or the fitter is lazy. The direct result 
of this in the ca.se of a pump fitted with a. large number of small valves is that the 
lift Is increased out of proportion to the diameter of the valves, and the pump 
hammers. In such a case the set screw in the valve chest cover must be adjusted, 
to make up for the increase in thickness of the joint. This is very often overlooked. 

. Reciprocating pumps are of many types, and it is only possible here to offer 
• suggestions for treatment of their commoner, ailments. Some of these have already 
been mentioned in Chapter VII. ’ 

Sticking of the valve gear is quite common, and in order to induce the pump to 
work, the exhaust valve is often screwed down until it is only open a couple of 
turns. This is quite permissible as an emergency measure to keep the pui^p running 
until the stand-by set has been warmed up, and is in operation. Under no circum¬ 
stances, however, should this condition be tolerated for any length of tiftte. The 
. object in pwtially closing the exhaust va1,ve, especially in the case of condensing 
pumpt^is to bring the exhaust pressure nearer to that in the cylinder, 'so that the 
shuttlfe valve may float. The fact that the pump sticks is evidence that the small 
slide valve or auxiliary control is not steam-tight on the back of the main or shuttle 
valve. When it has been bedded on to the baclc of the shuttle valve, the small slide 
valve must be relined with the valve spindle, biit this is generally forgotten. A 
^ thin brai% liner pinned on to the back of the slide valve is all that is required to 
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prevent the valve spindle from beiiij* bent. All main valves lihoidtl be an easy fit 
w ben cold, and the aii.viliary slide valve.s sliould be pulled up and down by Iwind, and 
not tried with a lever. If a lever has to be u,sed when they are cold, they will be 
too tifilit uhen expanded, due to the temjierature of steam. When a newly started 
pump sticks at intln'r end of the stroke, the frouble is frenerallv due to the fact that 
it IS not yet ]>ro])erly warm and that condensed steam collects at thi; back of the 
shuttle va^ve, preventiiif' it travelliii}; the full stroke As the auxiliary valve nearly 
aluays moves with, or in a definite relation to, the mam valve, the initial steam 
openino is insuftieient to balanee fhe pressure and to move the mam val\e. 

Feed pum))s occasionally emit ipieer noises, w(jich raiifje from aii..ear-s]ilitting 
■shriek to a low protestm;' groan. The reason iwthat the steam piston rings either 
are too tight, «)r have sharp edges because they were not nibbed over^with a file 
before being fitted to the piston. In either ca,je the noise is due to friction caused 
by hifk of lubrication, and the remedy is not to use a copious supply of cylinder oil. 
Some pumps reiiiiire a little oil, and all pumps can, with advantage, be treated 
to a little now and then, but there is no sense jn using unlimited (|uantitiea, because 
It IS all carrieil away with the exhaust steam, which is thereby rendered iinsmtable 
for use 111 a contact feed-water heater. 

If a pump persists m attracting intention, then its call must b(‘ answered. A 
shallow water groove cut m the^entre of the jnston rings and running right round 
the cireiimfereiice will often stoji the noise. • 

When very high pressure steam is jised, a series of radial holes can be bored 
throughIthe rings, but if this is done the upper and lower surface of the rings must 
be .scraped up, and the body and cover of the jiiston jiiiist be similaslv treated to 
prevent any steam from leaking through.* * • 

-Most pumps are fitted with a liner m tte .steam and ,\ater eylmders. In the ea.se 
of the water cylinder the body of the pump is generally of east-iron, andrfhe liiftr ot 
giinmetal Corrosion, due to acid in the- water, hastens the galvame action between 
the two dissimilar metals. The gunmetal liner no longer fits tight in the cast-iron 
body, and .some of the wafer, i».stead of leaMiig through the discharge valve, just 
flows from^one side of the piston to the other I’lri the annular sjiaee between 
liner and easting. The liner cannot move, because the cylinder cover keeps it in 
position. • 

Another matter reijiiiriiig attention arises in connection with feed pumps made 
of cast-irog, which have a separate gunmetal or brass valve cheat secured by a la'ge 
number of steel studs. The, steel studs corrode as a result of galvanic action and 
of the corrosive properties of the water being pumped. When some*of the, studs asi- 
weakeneil, so that the reniaiiidrt’ cannot take the load, the v'alve chest parts from 
the pump. In view of the fact that the ability to keeji boilers riiinimg ^ often 
depends on the continuous working of a single feed 2111111 ^), the studs should b? care¬ 
fully and fre()uently examined. Several instances of breakdown from this cause 
have come to the writer’s knowledge within the last five years. There is a growing 
tendency iiiMler the stress of modern conditions to sacrifice sa/ety to cheapne.ss. 

* Luhncaiion of Locontolive% E. L. Ahrons. 
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The overhaWing of the water meters should bl undertaken by a skilled mechanic 
attached to the workshop, because most meters are of the pressure type, and there¬ 
fore of heavy construction, requiring engineering tools for the work. The recording 
mechanism seldom goes wrong, unless the cover protecting it is removed or becomes 
indented due to ill usage. The recipro’cating parts will become s'ack from wear, 
and if the meter registers incorrectly when tested, as explained in Chapter XIV, it 
must be opened out for inspection. ^ 

In the case of piston water meters the piston rings may be worn or wedged tiglit 
in the body of the casting. Boilers supplied with water from a pond frequently 
use as much water as the pond can furnish, especially in the summer mouths. As 
the water in the pond becomes low, a considerable quantity of sediment and clay 
is taken into the pipe system. Some of this finds its way into the water meter and 
clogs the piston, so that the rings no longer float, but form a'tight joint on the 
cylinder. 

In those meters in which the direction of flow is reversed by a valve or cock, it 
is essential that the valve or cock should be supported by a .small set screw and locking 
nut. Otherwise the constant rotation of the valve or cock will tend to grind it hard 
into the shell, and the momentum of the falling weight will not be powerful enough 
to move it through the required angle. When the cock or valve becomes slack, due 
to wear, it cannot take up a new position if it is supported by the set screw under- ’ 
neath. The valve or cock must be ground in and carefully adjusted so that it is 
leak-tight, and yet not so tight that the friction is greater than the driving 
mechanism can overcome. 

The chief trouble experienced with injectors arises when they are worked for 
long gpriods with water conteining gritty impurities. In that case the throat of 
the brass cone (1, 2, 3, 4 in fig. 71) becomes Sularged, and the action of the apparatus 
is consequently irregular. In the Gresham Patent Self-Acting Restarting Injector 
the cones are easily withdrawn for examination or cleaning by unscrewing the top 
and bottom caps. Sometimes the cones are found <;overed with scale, and, if so, 
they should be soaked in a solution composed of one part muriatic acid to ten parts 
of water. The scale can then readily be remqved. If excessive scale is allowed to 
collect on the cones, the injector will, after a time, overflow. ’ 

Leaky suction connections, prevent thd efficient working of injectors. The water 
pijung should be tightened up, and the spindle of the w'ater-regulating valve carefully 
packed. The 8uction„pipe may be tested for leaks by inserting a pbig in tl^c end of 
the pipe and blocking up the overflow branch of the injector with a blank flange. 
If steam is then turned on, any leaks will be indicated by escaping steam. • If the 
injector lifts the water, but on being regulated fails to force it into the boiler amt 
spits hojjjWater.and steam, either there is a leak in the suction connections or the 
steam sjiijf[)lied is wet. A pulsating action, or failure of the apparatus to force all 
the water received into the boiler, indicates cither an inadequate supply of steam or 
a choked delivery pipe. In the former case the'steam supply is probably being 
tapped for other purposes. Eitter sediment or a defective non-reiurn yalve may 
be responsible for trouble in the delivery pipe. 
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AVhere the water pressure is vririable—and this is frequently th^ case where the 
injector is connected to town water mains—irregular working will result. Similar 
consequences follow if the steam is super-saturated, or is supplied irregularly owing 
to hoiler jwiming or the presence of oil in a new boiler. 

It is extrenjely desirable that there slnJuld be an independent steam pipe direct 
from the injector to the steam doflie or highest jiart of the boiler. 

Overflowing may be due to the fact that the water supply is too hot for tho 
steam pressure. When this is the ease, the trouble can easily be remedied by cooling 
the water. 

The overflow jnpe should be as short and straight as possible. Its diameter 
should never be less than that of the overflow^In'aneb of the injector. To convey 
the overflow ,to a distance, a short length of pija-, or a bend, should be fitted to the 
overflow branch, itiscliarging at its other end into a receiving funnel on ft larger pipe. 
The injector can then start freely and be easily adjusted and regulated. 

{(1) Faux, Miilorx. amJ Sleam A’/a/iias.- -The auxiliary machinery, which may be 
driven either by steam or clectrieally. will include, amoiig.st other items, the forced 
and induced draught fans, engine driving th? inechnnieal stoker shaft (if the stoker 
IS not of the self-contained motor-driven tyjie), economizer scraper engine, coal and 
ash conveyer or elevator engine, sjiecial blowers foe vacuum ash or .soet removal 
■ installations. * • 

The most imjiortant of these are the forced and induced draught fans; especially 
the latter, because they are eonstantly .subjected to a high temperature. The bearings 
of induced draught fans are generally water-cooled, but, owing to the high tem- 
jierature, scale rajinlly collects in the jiipe and the water jacket round the bearings. 
Wlien a little, .scale has formed the flow of water is rilfarded, offering* increased faci¬ 
lities for more scale to form, and in due time a total stoppage occurs, unless the 
water service is perioflically examined. It is a good plan to break the outlet pipe 
af some convenient place and fit a tiindish. * The pijie run then discharges the 
water into a large cone fitted to tho continuation of the discharge pipe, and not only 
can the actual flow of water b^seeii, but its temperature can be felft by hand. 

The impellers of induced draught fans sometimes become burnt, c.sjiccially if the 
admission*of air to the boihr is badly regulated. When the impellers arc damaged 
in this way the\ jiroduce eddy currents’in the fan,casing, which greatly roiluce 
efficiency. 

Forced dtaught fans on shore are invariably found worfyng under water-tube 
boilers, cither mdejiendently or in conjunction with induced draught fans on the 
balanced system of draught. In the latter case tliev are electfically driven by a 
motor totally enclosed to jirotfct it from coal du.st • 

The fan itself deals with air at atmospheric temjierature, and is.therefo'-e much 
smaller than an induced draught fan for the same duty. Forr.ed draught fftn* seldom 
give trouble, but the impeller should be occasionally denned with paraffln oil. After 
cleaning it should be wiped perfertly dry to prevent any accident due to the ignition 
of air laden wit^ paraffin vapour. This danger is not guarded against if the impeller 
ip dried by rotating the fan and relying on centrifugal force. If a fan impeUer becomes 
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,,thickly coated with oil, grease, or moisture whichlattraots the dust with which the 
, air is ladep, the “ skin friction ” is increased, and although the extra energy required 
to discharge the air from a rough surface is not very large, the loss is continuous, since 
the fans are always running. In the course of a year the cost of wasteful operation 
of the fans may amount to a considerable sum. ' , 

It seems to be often forgotten, when induced draught fans are installed, that the 
apparatus will from time to time require overhauling. In far too many cases the 
fan is practically inaccessible, except to a professional acrobat. ’ 

The motors should require no further attention than fitting new brushes and 
occasionally wiping the commutator with a clean linen cloth moistened with a trace 
of vaseline. Cotton material is dangerous, and cotton waste must on no account 
be used, as it may be torn out of the mechanic’s hand and as it may contain metal 
scrap. The vaseline must be used very sparingly, and not a spoonful at a time. 
Dynamo-makers have as strong an objection to special compounds for lubricating 
commutators as boiler experts have to boiler fluids. Only in the rarest oases ‘are 
these of any service, and,very frequently their effects arc positively injurious. 

When new brushes are inserted, the engineer-chemist must see that their surface 
tits exactly to the surface of the commutator. Badly ground brushes are apt to 
damage th’e commutator very’seriously, and carelessne-ss in grinding must not be 
tolerated. A good contact at the sliding surface is e^ntial, and to ensure this the • 
engineer-chemist will do well, if conditions of operation permit, to run a machine 
with new brushes for several hours without load. 

To grind brushes to shape, a piece of glass-paper should be bent, rough side 
uppermost, around the comnjutator. The brushes can then be given the same 
curvature as the commutator surface by moving the glaas-paper backwards and 
forwards under the brushes until they bed properly. 

Owing to,the variable hardness of mica it sometimes happens that a piece of 
this insulating material used in a commutator is harder than the copper. After a 
few weeks’ working the copper will be worn away to a greater extent than the mica, 
and mica projection of fhs inch will cause the brusjies to “ chatter,” and so give 
rise to sparking. The application of glass-paper will make things worse, as the 
hard mica will not be affected, and the copper will be further rubbed aiyfity. It is, 
however, possible to undercut the mica slightly with the aid of a broken hacksaw 
blade carefully guided along its surface by a straight edge. 

What has been said concerning piston rings and gland packing applies to the 
steam engines driving the auxiliary machinery. 

.JVhenever possible, the exhausts from the more important engines should be 
collected by a 4>ecial exhaust range of piping and the steam condensed. Machinery 
which exl^usts into a condenser runs very much more smoothly, and the wear and 
tear areajonsequently less than where the exhaust is to atmosphere—quite apart 
from the economy obtained bj' using the condensed steam to feed the boilers instead 
of allowing it to escape into the a^. The initial cost of the small air pump necessary 
is saved many times o^er, and the reliability of all auxiliary machipery^is greatly 
enhanced. • 
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In a large boiler plant where'several feed pumps are at «’ork, it* is good practice 
to fit patent nn'talhe j)arking in place of tlie ordinary soft packing. The jpiportance 
of keeping (lie feed [iinnps in perfect condition hardly needs enijihasizing, in view 
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of the fact tliat it the supply of feed^water s(()|is, the hollers have to he shut down. 
It IS ?ihsolu(ely ini|ierati\e that the ii'cd pumps sliall he in perfect condition, and 

capalile of meetly an eiiiergency deinaml lor 
additional Mater-.su)i|ily under increased pre.ssiire. 
h’igsand 'lil'i illii.strate Messrs Tinted States 
-Metallic I’acking ('onipanv's,-\tniojyiheri(*l)iiple\- 
I'acKiiig. which IS often fitted to feed pumps 
exh.iiistmg into a condenser. 

\ \eiy important item in i* iiiiiection w■^fh all 
tii;ichineiy hut especially in the case of steam- 
dri\en reciprocating engines, is the nfethod of 
liihiicaTion. Mo.st.engines are .supplied tVith oil 
far in e.xcess of their re(|uirements, and ns there 
IS every likelihood of thisioil finding its way into 
the hollers the eiii'ineer-chernist must take u|i 
the matter of luliiieation \Ttth the niech^ies. 
Soijie engines simply “ swim ” *in oil, a large 
proporiion of which is splashed »on ti^lilie piston 
}io 2i(i- AismsiiiKBic ]iiiis\ fod and IS taken into the cylinder If t4ie engine 
lAckiMi, I'KRsPMTivF. VIEW c.xhaiists to atmosplicre this does not matter very 
much, although, of course, the pi.ston rings will 
become ^oveied with a sticky black substance, and i?iJl jam in the piston, 
omimg one solid body. But if the engine exhausts into a edhdenser, the. 
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.^condensate must be de-oiled in a special apparatiii. Otherwise the emulsified oil 
• will enter the boilers. 

In large power stations where the auxiliary machinery exhausts into the main or 
auxiliary condensers and the condensate is pumped into water-tube boilers, proper 
lubrication, which will reduce'the oil in Oie steam to a minimum bcf®re de-oUing is 
undertaken, assumes primary importance. » 

The worst trouble with oil in the exhaust steam arises from the fact that the 
average mechanic uses a great deal more oil than is at all necessary, sometimes 
several times too much. This 
habit has been encouraged by the, 
circumstance thaira large propor¬ 
tion of the (jil never reaches the 
part it is intended to lubricate, , Kio. 227.— On. cJittek.s. 

because the oil gutters are badly 

designed or oil pockets are cast in the bearings themselves as a substitute for 

gutters. In many cases tv'o parallel e^l grooves are cut into the bearing surface, 

and the fact that they are there satisfies the conscience of the designer. In 

such bearings the oil fills these grooves, and remains there imprisoned. The bearing 

runs hot, and the oil is apt to cake into a 

solid mass whk:h fills the groove-s, so that 

for all practical purposes the bearing no 

longer .has any oil grooves at all. It is 

essential that oil gutters should be cut flat, 

and the edges scraped away so that the 

lubricant can find its way under the journal. 

There is no use in cutting a deep gutter and 

leaving tlie edges sharp, because these scrape 

all the oil off the shaft as it revolves. 

Fig. 2'27 illustrates this point. 

The oil pipe* must lead into the top half 

of the bearing, and must be olf the centre 

line^ ill the opposite direction tb "that in 

which the shaft revolves, so that a film of 

oil may cover the shaft before it reaches 

the highest point, and therefore jjave a 

chance to spread over the whole surface 

before the shaft reaches the lower half of the 

bearing surfacF. Fig. 228 shows the inside 

of the top half of a bearing with the oil gutters 

i'i8. 228.-iELKVATioN A5D Tnside View OF (.jit so that a maximum lubricating effect 
Top Half or a Beakiso, shoWiso Oil . , . , , • • • 

Guiteks. is obtained by using the mmimum amount 

^ • of oil. 

A large bearing surface which is not properly lubricated is of mnt4i les* use, and 
will give more trouble than a smaller bearing surface over which there is efficients 
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lubiication. Fig. 229 shows tht^ oil consumption of reciprocjitin^ engines on board 
ship, and is inserted to prove how little oil is really required if this can %d its way * 
to the spot where it is needed. 

Reciprocating and rotary machinery is often out of line. Steam pumps frequently 
give trouble from this cause alone, and wlien this is so, no matter how often new 
pLston rings are fitted, the gland packing renewed and new neck bushes made, the 
apparatus ^vdl continue to leak. There is only one remedy, and that is to line up 
the pump, commencing at the top. 

With steam engines such items as cracked crank end bearings, main bearings 
running hot, and persistent knocking after the engine has been *’ done,jip,” are almost ■ 
invariably due to bad alignment. If the pisten rod and connecting rod are, not in 



line, the large end of the eoiisiecting rod will not run true, and a*s the error is.first 
oil one side and then on the other as the eiaiik rotates, the bearing is, of course, twice 
as slack'a.-# it need be. ' * 

When an engine is jirojierly in line and runs tiuo, it is’ a very simple matter to 
adjust the bearings when they become slack, but if an engine is out of line, it is 
impo.ssil)le to tell what elTeet the tightening of a bearing •may produce. If an 
engme is in line, any one, part can be adjusted, whether it be the cross head brasses, 
crank’end bearing, or main bearings, and the working of the*ftther parts wilCJie 
unaffected. For iastance, if the maip bearings become slack the covers are taken 
off, a thin piece of lend wire is laid over the shaft—that is, along thetcircujArence— 
the top half is replaced, and the nuts arc tightened lyi to the same extents as they 
were before. The nuts are again slackened, the cover is taken off, and the lead 
wire examined. Such a lead is shown in fig. 230., 

The ends (!) are not quite as broad as the centre (2), because the clearance is 
greater, especially if the sides have an oil recess and the bearing surfadte is scraped 
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'4 away to allow the oil to follow the shaft. Where uie lead crosses the oil gutters its • 
' shape rem&ins unaltered, as shown at (3). The amount of wear can be ascertained 
by measuring with a micrometer, and a»liner taken out accordingly. A bearing may 
be “ done up ” in a very short time by one fitter, and the result will be satisfactory, 

, because the result is not dependent on haphazard guesswork, but on actual measure- 
pients which are known every time. * 


4 • 
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Small high-speed engines are often designed with a system of Jorceif lubfication, 
and the makers give more attention to the design of the oil gutters, because the 
efficiency of the whole system depends on the satisfactory working of these guttfirs. 
Such'engines are fitted with an oil well, containing a strainer which must be fre¬ 
quently taken out and cleaned. The oM level must also be examined, to make sure 
that the trough is not full of condensed steam supporting a thin layer of oil. If 
inspection is confined to looking through the sight glass, the condition referred to 
may give the impressioirthat the .sump is full of oil. 

(e) Dampers atid Inspedion Doors .—All dampers*should be easy to work, and 
especially those in the side flues of Lancashire boilers, because these, if the boiler is 
operated in the correct manner, are regulattSl according to the draught required. 
Dampers often warp and lose their shape, in which case they no longer fit into the 
frame, ^ut constantly stick, ff.dampers are arranged for regulation from the boiler 
front—and this is rather the exception than the rale —either warping or neglect of 
the ge.Tf may be responsible for their failure to res})ond when the balance weight is 
lifted. The proper course is to remedy the defects, but too often the gear, mstead 
of being put in order, is unreasonably reported as unsatisfactory. It is essential 
to the economicabworking of boiler plants with natural or induced draught that the 
dampers should be easy to work. 

Dampers which warp are generally made of cast-iron which is ca^tijoo thin. 
There fe no proper remedy, but a hole 1 iurh in diameter drilled in the centre of the 
damper will very often retard warping. The hole also serves the useful purpose of 
a safety device by preventing dangerous accumulations of gases in the side flues. 
When the products of combustion contain a large percentage of carbon monoxide, 
as they may do wlwii fires have been banked, the risk of an explosion is considerable, 
IfTffls dangerofls gas is able to collect in any pockets^ 

Damqers ar^frequently a bad fit in their frames, and the brickwork holding the 
frame nja^ also be very loose, so that a large quantity of air rushes into the side 
flues past the damper and «damper frame. Several patent dampers have been 
' placed on the market, and in one of these a sheet-iron casing is built over the damper 
frame in the brickwork^and the only opening in the casing is a small |tole in the top, 
of just fuffi«ient size to give passage to the thin steel wire by which the*damper is 
operated. . . 
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AH boilers, ecoiiomwer c/ianibcrs, ami main flues are fitted witli inspection am. 
oleaniiij; doors. Inspection doors, like dampers, liecome warped, and adlow air tc 
leak into the tines hetneeii door and frame. 'It is advisalile to install a heavy patterr 
door provideiTwith at least three stout wri)ti"lit -iron handles, one at the side and one 
each at the top and hottoin. >Sucli a door .should close on a wade asbestos tape joint 
Cleaiunf' doors, or sooting door.s, are small cast-iron doors which, if of sound coti- 
strtictioft af.d made with a " half-turn closing action," should he air-tiglit, but these 
doors are freipiently very light jn design, and fit loo.sely into the wall. 

Jt IS \'cry important that the eiigmeer-chemist should inspect all these doors, 
and. if necessarv, order the siirroumliiig brickwork to he |>ulled down and the frame 
to he reset^ inserting an asbestos rope roiiiar the frame so tliat* the casting has a 
certain ainoiint of freedom to I'.vjiand If this is not done, the firecla,v between the 
frame and the wail will soon become detai^ied once more, and the door will leak 
aif as badly as before 

Air leaks are the bane <d the engineer-chemist"s hte, and he niiist always be 
on the lookout for fresh leakages, because,/whilst he is steirching for and rejiairing 
one lot, another lot will be forming 



CHAPTER XX 

AUXILIARY PLANT BRICKWORK 


(a) Flues .—^The efficient working of Lanca»liire, Cornish, and water-tube or other 
boilers surroundeil by brickwork, from which tlie products of combustion escape 
through brickwork flues, depends to a large extent on their de,sign, 'laymit, and 
efficient protection against air leakage^rat the most vulnerable points. The remarks 
made in the last cha])ter on the subject of air leaks apply with equal force to the 
care of flues. Here, therefore, it is neces.sary only to refer to their design and layout. 

A brief indication of h*ow complicated the layout of the flues may be in the ca.se 
of a boiler plant attached to an old-established factory or works has been given in 
Chapter I.. It is impossible to Jay down hard and fast rules of universal application 
to the arrangement of flues, because this will depend on the position of the boiler 
plant with reference to the remainder of the factory <)uildings, the amount of space 
available, and the size and tj^e of the power plant. Fig. 231 shows a scheme for 
a power plant, (insisting of two Lancashire boilers, superheaters, economizers, and 
induced draught fan. The dampers are arranged in such a manner that the gases, 
after leaving the boilers, pasl^through the economizers and then to the inlet side 
of the induced draught fan, and this is, of qourse, the usual method of working. If 
the economizers are being cleaned, the gases arc sent through the by-pass flue, but 
the induced draught fan may still be used. When the fan is not working, the gases 
may travel direct to the chimney, either passing through the economizer or through 
the by-pass flue.* Sharp bends should be avoided, and the brickwork should be so 
designed that the gases may flow in an unbroken strt^m, and not collect in pockets, 
or form eddy currents. ' , 

When the flues of a boiler plant are to be cleaned, the engineer-chemist should 
first make a careful inspection of their interior, and note how the heaps of soot have 
collected in the different corners and passages. In this way he will get a good 
indication how the gases travel when the plant is at work. If he suspects l;hat bad 
eddy currents are,<»reated in a certain part, he may either install steel defleetof plates 
-^its, for instdlice, where the aide flues from Lancashire boilers enter the main flues 
—or he may ^ump some concrete made o< broken clinker and cement into the 
offendipg corners, sweeping the surface away so that it meets the walls in a com¬ 
fortable curve. » 

Although the net area of a flue as calculated mathematically may actually be 
reduced by making alteration! as just suggested, the doing away with all sharp 
comers anj^ other irregularities which may tend to produce eddy eWehts will have 
a beneficial effect. 
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If the layout of the flues is^very had, so that the gases follow an extremely 
tortuous course or have to rise vertically or dip under some obstruction, the engineer- 
chemist should obtain permission to rcorgaivize the flues. This task can generally 
be undertaken without disturbing the worjiing of the jdant. For imstance, one wall 
of the old fliie'may be retained, and, because the flues arc generally too small, the 
new wall can be built on the outiide of the old flue. A temporary stojiping can be 
made bi'tw^en the old and the new out.side wall wherever required, and a portion 
of the old wall removed every week-end, or whenever a suitable opportunity 
presents itself. 



Altltougli it is not essential to lim* a flue with tirebrieks. ft is most advisable to 
do so, because the ordinary red brick will he better protected from the hot gases and 
the probability of air leaks occurring will be greatly reduced, 'ffie qpst of fireboaks 
should not be grudged, becan.se if tl(^ flues are being reorganised to improve the 
efficiency of the plant, it is worth while to make “a good job’’•in ajh^espects. 
Kcference w'as made in Chapter XVll to the use of asbiistos t.ape and t’ope for 
interlining the brickwork, with the view of minimizing the chances of air leakage. 
This may be adopted with advantage when the imtside wall of a flue is curved, 
especially, if tiie radius has to be kept within small fimits, ilue to lack of 
.space. • 
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> Whenever the flues are curved, special bricks must be used. It is not good 
• practice to cut ordinary bricks and to fill the irregular spaces with cement or fireclay. 
If the cement or fireclay does not bopd with the bricks, it will soon contract when 
heated, and fail to fulfil the purpose for which it was intended. When laying bricks, 
the secret of making a tight joint is tfie same as in every other caise—namely, the 
binding material^or joint must be as thin as possil)lc, and no other service than that 
of making a joint*should be required of the binding material. , 

When starting up a new boiler plant, the flues should be warmed up very gently 
for at least three or four days in order to give the brickwork a chance to evaporate 
all moisture, and to become accustomed to the increase in temperature. A wood 
fire is better than a coal fire for thlt purpose. 

When a, new boiler is installed in an old plant, and the main flue qnters the 
existing chimney by a new opening yhich is opposite to that of’thc old flue serving 
the existing boilers, special precautions are necessary. Especially in plants worke<l 
with natural draught the gases from the old boilers may sweep into the base of 
the chimney with such rforce that thi^ block the free admittance of the gases from 
the new boiler, and therefore deprive it of most of the draught. Under such con¬ 
ditions the new boiler will not burn the amount of fuel it should, because the supply 
of air will be insufficient, due to the poor, draught. Inevitably the maximum 
evaporation of which the boiler is capable will nok be obtained. The installing of 
proper deflectors in the bas% of the chimney will probably ameliorate matters. 

(6) Supethfater Chamber .—The superheater, working in conjunction with an 
ordinary Lancashire or similar type boiler, is located in the brickwork chamber at 
the end of the, boiler. This brickwork chamber is always installed, whether a super- 
heatd’ is at work or not, beca’use it provides the seal between the end of the boiler 
and the side flues, deflecting the products o'f combustion downwards and forcing them 
to refurn to the front of the boiler imstead of esoaping into the main flue. It is 
therefore very important that this brickwork chamber .should bo a tight fit against 
the end of the boiler. In the usual form of construction the bricks arc built close 
up to the boiler when it is cold; the long shell of the boiler expands when at work, 
and forces the brickwork away, in.which posit'on it remains when the boiler contracts. 
The result is severe leakage of the gases straight from the boiler flues 'mlw the main 
flue, and all the heat that could be delivered to the boiler if the gases had to return 
under the boiler and pass through the side flues is lost to the boiler. Where a 
superheater is instdled, such leakage is of great importance, because the gases, 
instead of passing through the superheater tubes, will simply pass in front of it, 
•nud away tflyough the cracks in the brickwork into the side flues. Asbestos rope 
bedded in the ordinary brickwork will imprpve matters, but a better arrangement is 
that whjch whs shown in fig. 208 when ilesoribing Messrs. Milner Hurd's patent 
eysteih of setting Lancashire boilers. 

The superheaters installed inside water-tube boilers are not in a special brick¬ 
work chamber, but are in wlwt might be termed a separate compartment. The 
baffle tiles or bricks are arranged in such a manner that the gase* in their passage 
through the boiler sweep round the superheater tubes. It is therefore essential to 
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• . . 
effic'icnc)' tJiat the haffliiig arraiig(<hi('iit.s should be in proper fondftioii to prevent 

the gases shorf-eireuilmg m the boiler and missing the sujierlieater. « 

Locomotive and Scotch marine boilers ari; fitted with a sjiecial tyjie of super¬ 
heater, in which one tube shaped like a very flat 3 is situated in each smoke 
tube.’ ■ • 

With boilers which have a spilaal siijicrheater chamber, this yiiijit be built of 
good iirecljiy^bricks set with lireclav used very sparmglv The best procedure is 
to<li|i the brick's m a thm wash of fireclay and rub the brick dow n to a joint. (Vment 
shoiilil not be used under anv circ’nmstances It is often used because the adhesive 
lirojicrties of fireclay are very poor, but ordinarv inojtar niav be siibstitmtcd when the 
tenijierature docs not e-xceed oOO' K. Silica lird-ks should not be used Thev are 
(jiiite unneces^arv for the coniiiarafivcly low temperatures met with yi the flues 
of Lancashire boiler's, and they are <‘X|iensive ,A yet more serious objection is that 
thcy^will c.x|).ind and cause the walls to bulge inwards it they cannot (•.xjmiid 
vertically. 

(c) Eenuomher C/miiihi'r - The cconomizcj; chamber is« built of ordinal y red 
brick, with a firebrick lining if a sjici lally good job is rcijiiircd. The chamber should 
be of amjile size to allow a man to walk all round the economizer for cleaning and 
insjiectioii jiurjioses ■* It should not bcjielow the ground-level, and should jireferably 
lie raised sutlicieiitlv to bung the soot chamber level with the ground, where it 
can conveniently be cleaned. Wheie the .sub,sod is dauiji, or in jiroximity to rivers 
or canals, the chamber must be raised jjell above the ground The construction of 
the chamber must in ail cases he such as to jirovide amjile faialities for cleaning and 
inspection, and there must be no air leaks if cllicieiicyis dcsiied in ujieratioii. 

Keonomizer chambers very freijiiently pass air on’the toji, wjiere the side'vvalls 
meet the cast-iron headers, and at the bottom between the inlet branches to each 
.segment of tubes. The toji joint can most satisfactorily be made bysinserftng a 
double thiikncss of sheet lead between the side wall and the economizer, bending 
over the two ends, and hammermg ilown flat. The bottom joint can be made air¬ 
tight by the use of asbestos intealimng. but a good titting brick not small remnants 
left over when bricks were cut in Inulding the walls projierlv set in jdace with 
good mortA«ill make (jiiite a .satisfactorv jiib. because the brickwork is not exposed 
to wide variations in temperature • 

Sometimes the engineer-chemist will find it necessary to obtain jiermi.sMoii to 
make .structural alterations for the purpose of .secuiing a satishictorv layout of the 
ei’onomizcr. This apjiaratus should be .so located that the pull from the chimney 
(m the case of natural draught jilants) or the inlet to the fan (m Aieiiise of plauto 
fitted with an induced draught tSn) vvill Ijc right through the. centre of the economizer. 
The entrance to the economizer should not be abriijit or of such a ilhtiire^tlTat the 
gases cannot follow the strcam-liiie motion and flow naturally through the cconSmizor. 
In many cases they have to force their passage past the tubes in a very agitated 

’ -1 MitnitriJ Ilf^lartne httijinf'frnKj, A K iVaton • 

- " MllwtM Superheating on Jjuenmotive Working,” Trunn. hint. Much. 11113. 

• ‘ Boiler Initj/erlioit find It. Clayton 
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fashion, with the inevitable result that back currtos are set up which destroy much 
of the d?aught which would otherwise exercise a beneficial effect on the fires in the 
boilers. The arrangement of the ec<yiomizer varies to a great extent, and is chiefly 
dependent on the space available. Generally the products of combustion follow a 
straight piath on their way to the chimney, in which case the economizer chamber 
may be said to fprm an elongation of the main fAe. In some cases the gases divide 
and, passing in opposite directions through two separate economizers, meet again 
in the centre, and pass away to the chimney. Another arrangement is for the gases 
to pass through two economizers, either in parallel or in series. In the first case, the 
gases are divided, and after passing through the economizers situated next to one 
another, enter the chimney. In iTic latter case the gases are not divided, and all 
of them pivss first through one economizer and then through the second. .Whatever 
the layout of the plant, the engineer-chemist must see that’the draught is not 
im])aire<i, owing to air leakages or excessive resistance. , 

{d) Chimneij- The engineer-chemist will see that large deposits of soot do not 
collcet in the base of Che chimney hinder free entrance of the gases and their 
upward passtage. A heap of soot may cause deflection, which will produce curling, 
thereby ^greatly increasing the resistance inside the chimney, and reducing the 
draught. The entra^jee to the chimney miwt be e.xamined for cracks, especially 
round the main damper frame. It is essential thabthe main flue should not support 
any of the weight of the chiainey brickwork. Some chimneys have several openings, 
and no provision Ls made to support the brickwork immediately above them. W'heii 
a new opening is cut into an existing chimney, a heavy steel joist should be? inserted, 
witli the ends securely rcsti^ on the side walls of the remaining chimney brickwork, 
.so tfiat the pressivre is transmitted to the foundations. 

\\Tien a new chimney is built, two or more openings should be made, and the 
briclcwork’set in'the shape of a .self-supporting arch. The openings that are not 
required, but have been made with a view to po.ssible future extensions of the power 
plant, are bricked up with a temjmrary stopping.^ If this has been properly done, 
the brickwork can be removed, when the openingus to be lused either for cleaning 
or to^ form the entrance of a new flue, without any fear of the chimney settling or 
suffering in any other respect.- , * 

The exhaust steam pipeJ from small engines are frequently led into the base of a 
chimney on the fallacious theory tliat the draught will thereby be increased. The 
stpam can only increase the draught, after the fashion of a locomotive iblast pipe, 
if it is sent th^gli a properly designed nozzle. In that case, the steam, when it 
• tjxpands, takes a certain amount of the surrounding air with it, be<'au8e fhe steam 
movjss at a high velocity and creates a partial vacudm which is filled by the inrushing 
.air. fl^jiny complicated theoretical questions are involved, but the governing 
principle is that of an inerpase in velocity, and the exhausts from small engines have 
nothing like sufficient pressure to create an appreciable draught in the great height 
of an average industrial smolse stack. If the pipe of, say, a boiler feed pump which 
exhausts to the atmosphere be watched, it will be seen or felt that there is as much 
‘ Boiler Dratight, Key Pratt. * Boiler and Faclory Chimneys, B. Wilson.* 
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water as tWe is steam. The resist of intro<lucing such exhaust pijics into the base 
of chimneys, especially steel chimneys, is to cause rapid corrosion. • 

Ohimney foundations need watching in exactly the .same way as boiler foundations 
(see Chapter XV11). In the case of old plants the main flue often enters a near-by 
hill, and connects with an opening under the"chimney. More often than not, water 
collects in the main flue, and any i 41 vantage that may accrue from {Imlofty position 
of the chimney is soon ni'gatived. ‘ 

Modern jiftictice is to fit a short steel chimney, the top of wliich is as many feet 
. above the ground as the loi'al auriiorities r0((Uire, and to rely on a forced or induced 
draught fan to suiijilv the air recpiired for combustion, or to take away the products 
of combustion, as the case may be. » • 

The outsidp of steel chimneys shoidil be thoroughly cleaned w itb steel rjure. brashes 
every two years, anti the plates jiamted with a coat of good oxide of iron and boiled 
oil, followed by a coat of superior black paint Such chimneys may, w ith advantage, 
be lined internally with firebrick to a distance of oiie-tifth to one-(|uarter of their 
height • 

Tlie engmeer-cliemist may be m cliarge of a )iowei plant which has a chimney 
of pagoda-like ajuiearance Its (|uaint shape may be due to the incorporation of 
sjiccial grit arresting conslriictioii, to^the i himney bimig uscil to siipjiort a water 
reservoir, or to the mclusion of ^ lookout gallery. 

AVhen discu.ssing the merits of forceil or induced,diaught as comjiared with 
natural draught, it is constantly said tlpit. in the case of natural ilraiight, once the 
chimiiewis “ up." it is " up," and there the matter ends. Quite apart from the 
disadvantages of natural draught, its limitations, and t^lie inijiossibibly of increasing 
it temporarily m emergency, a brick chimnev is \ery e.vpensne compared iftth a 
short self-sup]iortmg steel chimney and h^l, of which the runiiiiig and maintenance 
costs need not be high Tn the case of a brick (Jiiimicv. unless the owners alTow' a 
.siiHieient margin to cover all piobabic dc\elopniciits of their business during the 
life of the chimney, the latter will almost certainlv soon be loo small to .serve the 
]ilant eflicientiv under natural draught conditions Kor obiious reasons of cxpeliwe, 
it IS unlikely that they will be prefiated. when this condition arises, to scrap the 
existing cliittwiey, anil erect a larger one. *. 



CHAPTER Xsi 

WORKSHOP ORGANIZATION 

(o) Training of Staff .—The size of the boiler department’s repair shop will vary 
with the size of„the plant. It is, of course, very desirable that the boiler depart¬ 
ment should have its own repair shop and stall of skilled men, but wtiere the plant 
is very smiill a general repair shop is usually shared by all thS departments. In 
such a case separate accounts must be kept of the work done for each department, 
so that accurate costing sheets may be drawn up. 

Whether the' departjment has its own workshop or shares the general repair 
shop, the engineer-chemist must have the right to engage the men who are to work 
under him. When engaging fitters, machine men, boilermakers, pipe coverers, or 
other men, it is wise not to rely too much on what the men have done elsewhere, but 
to engage them on a AVeek’s trial, informing them ^t the time of engagement that' 
this is the case. A thoroug|i and conscientious worker, who may be a little slow, 
but in whom absolute confidence may be placed, is preferable in the case of boiler. 
work to the “ ultra-smart ” man who knows what is required before he has been 
told, and about whose worlc,it certainly cannot be said that when it is done it'is 
well done. 

The anxieties of the engineer-chemist Avill be considerably reduced if he knows 
that he can, rely op the mechanic in charge of the repair shop in the event of an 
emergency. He will therefore put his trust in one of the older employees who has 
been brought up on the plant. He will discuss with this mechanic the various 
changes he has m mind, always remembering that although he himself has enjoyed 
the advantages of a more expensive training, it is the old employee who, from 
experience, has the requirements of the manufacturing department at his'finger tips. 
By combining their respective qualificadons it will become possible to build up a- 
perfect organization. It is likewise a good })lan to encourage local labour by taking 
an interest in the training and welfare of the rising generation, so thpt, when 
a system has once been built up, it may become an integral part of the whole 
organization, and live from generation to generation, irrespective of who inay be 
. . at the head. • 

,' It 'lias already been pointed out in various connections that the engineer-chemist 
' is responsible for the safety of all the plant under his care, but he is also respoiisible 
for the safety of his staff, afid this responsibility often causes as much worry as the 
plant itself. The machinery apd everything con’nected with it can be made quite 
j^^ aafe by regular^ inspection, fitting guards wherever necessary, ijistaljing reliable 
; safety dewes, and keeping the plant in a proper state of repair, but the human 

' • ooit ■ 
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eJwnent still remains the uneertafii factor. The preeautioiiij necessary vary with 
evhry jilant, hecaii.se, as stated in Chapter I, no two boiler plants are exactly alike, 
lleiition has been made of several possible sources of danser, and the means of 
avoiding accidents tthen opening and cleaning boilers, lint some men constantly 
take (jnite niiiK'cessarv risks, either through carelessness or lack ,of proper 
in.structioii. ( 

AVheii (lieavy lifting with the aid of iiiecliaiiical appliances lata to be done, for 
ex.imiile. the workmen often expose themsehes to danger hv reason of their poor 

knowledge of (he art of slinging. 
111 lifting long heavv pipes and bars 

t froni a \ertical position, special care 
IS rc(|Uiied. especially if the pipes 
^or bars arc emered \M(h a coat of 
C grease. Kig. shows two simple 

^ The upper part ol the illustration 
shows how to make a bowline, which 
IS a most nsidid knot to form a loop 
that will not slip La v th'e end (A) 
of the rope over (he standing part. 
(i>). l']jirm with (B) a bight ((') 
over (A) Take (A) round behind 
(B) and down thrcaigh the bight 
((') liliis IS the correct methoil of 
tnaking a loop for hooking on to 
a chain lift or piillcv block when 
till Xt-’.- tliouiM \Mi (HO h lliii a .sjniiiing a heavv, object.w hiclT can¬ 

not be taken with an ordinary 
sling, but which has to be slung by using a length of manilla rope 

The lowi'r part of the illin^ration .shows a clovc-liitch, which*is a \erv iisi^fiil 
knot for fastening .spars together, wjicii rigging ii]) a tripod must with ordinary 
wooden ptdaa Pass the end (A) round a spar and cross it over (B) Bass if found 
the .spar again and put the end (A) through the secoiwl bight 

Mhen it IS reijiiired to lift an economizer pipe or similar long object which has 
no proji'itmg jiarts, the knot shown in fig flAI should be used.. 

This knot IS simjily a double clove-hitch ajiplied right-hand and left-haml to 
the Jiiife, and locked with a reid knot. This sling eiiabh's a jierTfetl^ vertical jfiiU 
to be exerted, and even thoiigli thi're ^c only n,;,,, inch clearance round the pipe, 
a clear lift is obtained, and the object can be raised without coiistaiftly foulliig the 
sides. _ * * 

It is surprising how easily a mistake can be made in* tying an ordinary reef knot 
with a stout rope. When tying a piece of string the action is more or le.s.s a 
mechanical^oiie,J)ut when a .stout hemp rope has to be niamjiuTatcdv- and for reasons 
of weight the ends must be iiuscrted sejiarately before the knot can be puHed tight— 
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trouble can often be avoided by remembering |.he words “ right over left, then 
left oversight.” 

If a rope is too long it must, of course, not be cut. To make an ordinary knot 
is a very clumsy and unsatisfactory method of shortening, 
because when the weight is lifted the knot tightens and 
stretches. To shorten a rope, always make a) sheep¬ 
shank by gathering up as much of the rope as is not 
required. Then form a half-hitch with each end of the 
rope by passing the slack end round each end of the bight 
and passing through the part gathered up. 

Whilst dealing with the art of binding ropes, a few 
words can with advantage be inserted on the making of 
packing. Packing for steam and water glands is made 
by a large number of manufacturers, and in all sizes, so 
that the ordinary apprentice has but a hazy notion how 
it is made. When he becomes a full-fledged mechanic, 
and is called upon to make a short length of packing, 
perhaps whilst working over a week-end when the factory 
store happens to have run' out of the size he requires 
and it is impossible to make a purchase, he is at q loss 
what to do. 

Great emphasis has also been placed on^ the import¬ 
ance of stopping all air leaks; and because these can 
very often only be sucesssfnlly stopped by filling with 
asbestos-or, in some cases? ordinary—rope a short 
description is given how to make packing by plaiting a 
squai« senijit. Figs. 231 and 23r'_illustrate clearly how 
this Ls done. 

Kight .strands of rope or asbestos cord are taken, Special Methoo 

thgir thickness depending on the size of sennit required, 

and the ends are gripped in a vice. Four errands are taken in the left hand and 
four jit the right hand. The outside strand in the right hand (Ko. Hj’ is pas.sed 
underneath and then over tlvi inner two'in the left hand, .so that at the end of the 
performance the strand is still held in the right hand, but instead of being on the 
outside it is on the inside. The operation is rejieated with the strands in the left 
haifU; the outside strand.is passed underneath, and then over the two inside strands 
Jie^d in the righf'fiand and taken back to the left hand. The process is simply one 
of working alternate sides, and taking tlie^ outsido strand of one side under and 
then 8ver theotwo inside strands of the opposite side. The strands niever change 
sides-^thlit is, Nos. 1, 2, 3, 4 are always held in the left hand, and 8, 6, 7, 8 m the 
right hand. * 

(6) Method of Working.—Thfi men in the repair shop will work according tO a 
definite routine., Th&r work will be divided into internal and external, work. 

Internal work is that done by tlie machine men, blacksmiths, and valve fitters, 
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while outside work is that doi\y hy the boilermakers, pipe coverers, and outside 
fitters. The outside fitters will at times w-ork in the repair shop, as already explained*- 
when dealing with the overhauling of boiler mountings, furnace gear, etc., but the 
inside staff should have no occasion to roam round the plant on the pretext of trying 
a machined vulve in its place or for any other reason If they waivt to have a 
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smoke, it is far better for the engineerA lieimst to tilth a blind eye, and allow them 
to do so in the workshop than to loSe sight of them for an indefinite jienod. A 
hard-working, conscientious workman will appreciate these little concessions, and 
the type of man who, when permitted to smoke, wyiT make smokinj; an excuse for 
.stopping work is not worth employing « • 



Fl‘j. —I’JAlTINfJ A.SyrA«K SK-NMJ 


In every repair shop a ceriain amount of repetiflon work has to be done in , 
connection with the maintenancifof the power plan^ and it is here that the engineef- ' 
chemist can sjjow his capabilities as a mass-jiroduction dlganizer. Boiler atop*. 
valves, feed-check valves, blow-down cocks, safety-valves, and other fittings require 

f -f 
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^ attention whenever a boiler is opened for cleaning^or inspection. It should not be 
- necessary ^ wait for any details as regards size or construction of parts that often 
require renewal. Spare valves can be kept in stock, and also any other patent 
internal parts that may give trouble. The machine men should know what is 
required in the case of such repetition work, so that they need not wait for orders, 
i but get on with the job as soon as it comes into tlje shop. There is, of course, also 
a considerable amdUnt of work which never repeats itself, or, at least, only at long 
■ intervals. ' 

Certain jobs require special tools or apparatus to be made. Such gear should 
be labelled and hung up in the store^ so that it can easily be found when again required. 
For'instance, large valves generally-wear away more quickly than the seats, and 
the metal of such a valve is frequently softer than that of the seat. Iij sucji a case 
it is not much use grinding in the valve, because the metal will aX be ground away 
before the seat shows any sign of improvement. A steel plate should, therefore,^ be 
turned in a lathe, so that it has the same diameter and bearing surface as the valve. 

A hole should be drilled in the centre of the steel plate and a stout handle with a 
T-shaped top should be securely fastened by means of two locking nuts. The valve 
seat can then be ground in until all the flaws have disappeared, and the valve itself 
need be usdd only to obtain the final finish. 

To grind in a valve and make a really steam-tight^ joint calls for more skill than * 
is generally admitted. If a votive is badly corroded, it must first be skimmed up 
in the Idthe. If the seat is in a specially bad condition emery powder may be used, 
but this is dangerous stuff to work with, because, unless special care is e.vercised, 
the only result obtained from^ts use will be a series of grooves cut deep into the’ 
metal, which will make the valve leak more than before. When a valve is to be 
ground in, the very huest carborundum pofrder, moistened with lamp or colza oil, 
may be Vised.As soon as the face sho'iys signs of a good surface, no more carborundum 
must be applied, but very finely powdered bath brick. When a good surface has 
been obtained, no more bath brick is required, but grinding in should continue, using 
lamRoil to keep tfie surface moist. In this manner ajj the powder is ground away, 
and the valve becomes highly polished. T'he valve seat and valve must be 
thoroughly cleaned to remove every trace of powder. Othenvise thei Water or 
steam, as the case may be, will remove fhe grit, and this will probably find its 
way under the seat, causing the valve to leak. 

Small valves are pacticularly diflicult to deal with, because the seat is frequently 
low ddwn in the body of the casting. Tlie valve is, of course, fixed to an eyebolt 
wlyc^ is screwed^infS a tapped plate inserted under the horseshoe, but the likelihood 
,iof giving the valve a swivel motion instead jof a trifly circular one nevertheless 
rje^mains." . • , * 

•' ' It is * giJod plan to make a guide, as shown in fig. 236. 

The rose-cutter for cleanii^ the seat, or the eyebolt for holding the valve, is 
inserted into the guide, which is tl^n screwed on to tfie valve in place of the ordinary 
cover. A truly cirpularViotion is obtained when grinding in the val\jp, bejsause the 
eyebolt rerncAw vertical. The guide is recessed at the bottom, so that the valve* 

19 
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may be' lifted after each turn. ^ This is absolutely essential wheji' grinding in any 
valve, as otherwise the grinding powder remains in the same place all the time. 



Grinding m valves with a brace may be satisfactory in 
some trades, bife it is worthless if a good steam or 
water-tight jOb is required. Klbow-grease, and a lot 
of itj is the only remedy for a leaky valve, unless the 
\alve and seat are jmt into a lathe./ A patent rescater 
is a very useful piece of aiiparatiis to have in a 
fitting slioj), as it obviates removing the valve seat. 

The engineer-eheniist must see that a high standard 
of workmanshii) is always maintained by the men, and 
he should always inspect engines, ])unips, valves, etc., 
before they are closed up. The indieatoi card shown 
m Chapter XR'. (fig 101) was taken from a small 
reciprocating engine driving a centrifugal pump, and 
the reason for its ijiieer .sliape is that the engine was 
fitted with a pi'stoii valve taking .steam on the inside, 
and after repair the valve was put hack the wrong 
way up. The queer slnqic of the card will he readily 
understood by looking at fig. 237, which shows the, effect 
of placing (It) where (A) should be. The engine ran 
satisfactorily, hut the steam eonsunijitioii was far too 
great. Ilad there been proper inspection when the 
engine, was assembled ready for closing up, the mistake 
could not have hapiieivAI. 

In another conneetioii mention was made of the 


Fio. 2IW.—(li laK FOR (iRi.sa- 
INO IN Small Valves, 


fact that engines use more oil than is necessary, 
becaii.se the oil gutters are incorreetly cut, but much 


is also wasted by the carelessness of mechanics. 

In winter the viscosity of oil, and espeeially ot 
cylinder oil, is very high, and the filling of an oil 
pot or an takes a considerable time, and because 
the youth measuring out the oil thinks the proceeding 
is too slow, he does not turn the tap off until the 
can is full. What is left m the jnpe or cock con¬ 
sequently overflows, and is wasted. To obviate this 
waste the engineer-chemist should have an oil 
warmer installed in the store or workshop. .Such 
an oil warmer can easily be made from scrap 

materials, and it is constructed like a condenser. ^ 

_ . liiix i lii i. 2»7 .—Reversed Piston 

Two pieces of steel plate are turned to be a neat' Valve colijir. 

fit in a steel drum or barfel, and the plates 

are drilled tp take the circulating tubes and ferrules. *< If the warmer is for 
rheavy cylinder oil, exhaust steam at atmospheric pressure is a .suiteble warming 
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agent; but if it is<foi ordinary engine oil, warm wat^r must be used, as otherwise the 
oil may Ijecome overheated and lose some of ita lubricating properties, besides 
clogging the inside of the h^ter. A small pipe may be taken from the feed range 
before it enters the boiler feed pump, and the feed water, having been heated with 
exhaust ste»m before it enters the economizers, will be just the right temperature 
for warming the oil. As the water does not come ^n contact with the oil, it may be 
all sent back to th^feed heater, so that none is wasted. • 

Fig. 238 shows a brass ferrule for use in steam-heated, and a wood mi ferrule for 
use in water-heated, oil warmers. The tubes are short lengths cut from old 
condenser tubes. The apparatus also has the 
advUntage that a, known quantity if poured in 
at a time, and the oil consumption can 
therefore be better checked. Oil is, as useful 
for domestic purposes as it is in the boiler 
house, and unless a close watch is kept on its 
consumption a surprisingly large quantity will 
disappear without any record of the use to 
which it has been put. 

There femains for consideration the vexed 
question of tools—esp’ecially spanners. The 
workshop should be fitted wi|h a spanner rack 
containing a la^e number of spanners, and a 
notice should be posted near by, warning men 
that if they ar^ caught damaging or neglecting 
to return spanners, they will W heavily fined. 

To see the nuts of a nicely finished brass ^alve 
indented wit^ deep, chisel marks, because the 
individual who last opened it did not use a 
spanner, is a cause for shame to everybody 

coni^rned. There is no excuse whatever for 

such practices. . 

All .tackle should be kept clean and well 
oiled, and wire slings should.be soaked m an 
oil bath twice a year. The oil collected from 
the drip trays of the Jarger engines will answer 
this jJurpose very well. Wire slings often get 
wqt.. The watej jienetrates to the inside, and 
the 'steel wire commences to rust. Nothing 
happens for a slong time, but one slay, when a heavy casting *is being 

lifted with* the sling, it breaks, and in ail probability a workman is severely 

injured. * • 

Hemp ropes are often used in^ careless manner* and the sharp edges of objects 
lifted are allowed tp cut*away some of the strands, thus weakening the roje—which 
may produciJthe same results as a rusty wire rope. When lifting heavy objecti? 
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•< ' 
with sharp corners, old bags mvst be placed between the nvetal 'and the rope, for 

the protection of the latter. 

Waste oil may be separated from water bj' pouring into a settling tank made out 
of an old drum fitted with two cocks. One cock is placed a few inches from the 
bottom of the drum, and the other in tfib middle. When the liquids have been 
allowed to settle, the water ami oil are run off by the two cocks. If the oil is 
to be u.«pd again, it must be passed through a filter, such us‘ the Wells waste 
oil filter. 



I 


SECTION EEPAIllS TO StJBSIDIAEY PTjANT 

CHAPTER XXII 

FEED WATER PLANT 

(а) Examinaiion of Source .—The source of the water should be exalnin6d daily 
to make sure that no impurities are taken into the feed supply range. Where the 
water is taken from a river or pond a grid is often fixed to the inlet weir to prevent 
twigs, leaves, etc., from entering the system. The grid shoxdd be cleaned daily. 
Tunnels or artificial inlet* channels should be cleaned once a month to make sure 
that no algse or fungi which might produce contamination, due to the presence of 
micro-organisms, are beginning to grow. Although the introduction of these into 

a boiler has little effect ujo far as formation of solid matter is concerned, the acids ^ 
formed in the boiler by their decomposition may do \l 5 ry serious damage. 

Pon^ or river water is oft%n passed through ordinary filters to remove the fine 
solid impurities held in suspension. These filters need cleaning, the period between 
successive cleanings depending on the degree of impurity of the feed water. Th« 
newer types of* filter are fitted with special compressed air cleaning pipes. The 
water-supply is cut «fl, compressed air is blpwn through the quartz and pea gravel, 
and thc^flow of water through the filter is reveised until all the filtering medium has 
been thorou^ly oldhned. The flov/ of cleaning water is then stopped, and the 
filter is ready once more for filtering the boiler feed water. 

(б) Treatment Plant .—Water softening plants are supplied with special cleaning 
arrahgements, which generally consist of valves or ebeks placed at the bottom of 
the settling tanks. The water softening plant is mounted on a concretjg base in 
which Special channels are made, so thai the sludge when leaving these cleaning 
valves or cocks will be conducted to a drain connected with a main sewer. This 
obviates any fear of the sludge oontaminating any other source of water-supjdy. 

The insides of the tank?, and especially the mixing gear, become heavily coated 
with scale, and asAhe working of the apparatus may be impaired, from this «ause, 
tlfe«whole watef softening plant should be thoroughl;j^ scaled, cleaned, and washed 
out once every year. It is of the greatest limportance that the tanks should be 
properly washed out before the quartz* or wool slag is replaced, as, if this is not 
done, small particles of scale jrill settle on the filtering medium. 

Slag wool is very cheap, and therefore can be, renewed as often as necessary. 
In some cases the top hiyers bedbme quite green, which means that organic growth 
is taking pljjjce. As this is undesirable, the filtering medium shoflld l»e renewed 
before this occurs. 
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Oil filters need periodical f leaning, the duration of time between cleaning 
depending on the construction of the filter and the quantity of oily w4tcr passed 
through it, . 

In Chapter X. it was stated that the principal impurities m feed water used by 
land boilers, and those which form the bulk of the scale deposited, are the salts of 
lime and magnesia, with special* reference to calcium carbonat^, calcium sulphate, 
magnesiilm,sulphate and niagnesium chloride. Most of the salts are .soluble in 
water at ordinary temperature, but when some of the water is evaporated, and the 
remainder becomes too satiifated, llie salts dejiosit as scale-forming matter. It is 
therefore of great importance that all the salts* should be removed by the water 
softening plant, u hich mii.st be ke])t in good i-ondition for that purpose. 

The'hurdness of water is sometimes e.\pre.s.sed m degrees and sometKiies in grains. 
,\ (legri'c IS e<|ua( to one part by weight of'the ofEeiidmg salt in ItKt.OtM) parts of 
* i(M),((0(l 

water, while a gram is equal to or I; degrees of hardness, because a gallon 

of dhstillcd water weighs 10 pounds and contaiiis 70,0(M) grams. By using reagents 
made up in the form of standard solutions the e.xaet hardness of a water may be 
ascertained. . 

It has been said that the boiler‘water must be te.sted. * And this will ordinarily 
be done by taking samples of fhe water before and after it has been .softened. These 
two samples will be analyzed m the laboratory, anif the results obtained I'-oni the 
hard water sample, will giye an induction as to how much lime aiid soda ash must 
be adiled to soften the wati'r. The second sample should show, when tested, 
that the treatment has been correct. The tests \jtll be made m'the labpratory, 
and the results sent into the record,s otiice for e.xainmation by the engineer- 
chemist, , 

Many works have their own laboratory, a*id although the diifies of the stall are 
111 connection with the manufacturing dejiartments, there is no reason why they 
should not include the testing of water and fuel until an organiaition lias been set 
up for the boiler dejiartmcnt oh t he lines e.X])lamed in a previous i hajiter. Eventually, 
of coiirsi;, the boiler department will engage and jiay for the service's of a special 
chemist, who may or may not work in tlie general laboratory. There are, however, 
many other firms which do not jiossess a laboratorv, and until they tackle in real 
earnest the problem of the economical generation lif steam, it will be necessary for 
them to work m a v'cry modest way, and to test their feed water m a mannerwhich 
does .not involve the liaiidimg of expensive apjiaratiis. 

As already exjilained, the ordinary plant iiiecliamc has no tiitie to go dt<!))ly 
into the ghemical study of this all-important subject, even if he li^s the jn*liiiation 
to acquire additional knowledge m this diriVtion. A few simple hints ate therefore 
given for his guidance. They will suffice to place *111 record whether the boiler 
water contains ingredients harmful to the boiler or not. 

To test the feed water for hardness, the follow'fng apparatus is required: A glass 
bottle fitted w*ith a glass stopper, a measuring cylinder graduated ii^cubic centi- 
inetres, and a bottle of potash soap solution, Wanklyn’s strength. . 
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Measure 70 c.c. of feed water by filling the graduated cylinder to the 70 mark, 
and pour the water into the stoppered bottle, which, for convenience, should have 
a wide neck. Measure out 2 c.c. of joap solution, and pour tlfem aljo into the 
bottle. Replace the stopper and shake yigorously. If a good lather is obtained, 
and lasts fife minutes, the water contains 1 grain, of carbonate of Iftne per gallon, 
equal to I degree qf hardness. If the lather disappears very soon, add another cubic 
centimetre of soap solution until a permanent lather is obtained. The number of 
cubic centimetres of soap solution, minus 1, is equal to the number of grains of 
carbonate of lime per gallon. Thus, water containing 16 grains of carbonate of 
limg per gallon requires ] 7 c.c. of «oaj» solution to produce a permanent lather. By 
thus testing the "v^ater before it enters the boiler, the mechanic can ascertain how 
much scale-forming matter is being introduced into the boiler. , , 

The practical engineer is, however, equally interested in th6 water inside the 
boiler, because the actual decomposition of impurities introduced into a boiler is 
not known, but is only a subject for guesswork. Every precaution may be taken in 
the purification of the fted water, an^l yet unexpected results may be obtained. 
The watermill a boiler may theoretically be either acid, alkaline, or neutral. It is 
neutral oqjiy when it is pure distilled water, and such ideal conditions .are never 
found in practice, although in .some cases the 'vater is so very slightly alkaline that 
the condensing apparatus and “ make up ” feed v.«ater treatment plant work at * 
very li^h efficiency. Boiler nvater may tli^refore be regarded, for practical pur¬ 
poses, as either* acid or alkaline. It should., never be acid, because this produces 
corrosion. Excessive alkalinity is also not good, but it is less harmful than eXcessive 
acidity- which'is, in fact, fatSJ. Excessive alkalinity is generally due to an excess 
of caustic soda, whiph rapidly attacks the brass boiler mountings. 

To^test the boiler water, draw off a sample through the salinometer cock, or 
through the flraiu eflek on the wntengauge, taking care to close the steam connection 
first. Whichever method is adopted, allow a good quantity of wa*tcr to blow through 
first, to ensure that a true sample is obtained. Test this sample with litmus paper. 
Litlnus paper can be bought from any chemist in tl* form of little books, red and 
blue. Red litmus turns blue when dipped into an alkaline solution, and blue litmus 
turns ted when soaked in an acid solutiop. If the boiler water is in a’s^isfactory 
condition, it should cause red litmus paper to turn slowly blue, showing that it is 
slightly alkaline. • 

4 more delicate lest may be carried out on similar lines by using a‘book of 
phenolphthalem papers. These arc white in colour, and when placed in an acid 
’Rrater do not change, but when introduced into an alkaline water immediately turn 
the water a vivid purple, the intensity of»the purple being an indication of the 
alkalimty,of tfie water. This may, flierefore, be looked upon as a confirmative 
test of the presence of* fn alkali. If a blue litmus paper has turned red, 
showing acidity, the extent of this acidity shoul(J'be determined. An indication, 
which is quite accurate for confirmative test, may be obtained by using a 
solution of^ethyl orange’. ■ • ^ 

A burette, as shown in fig. 239, is filled with methyl orange. The water *to 
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be tested is poured into a porj;elain basin, and the methyl orange added drop 
by drop. The water must be well stirred after each drop is added. If„the water 
is alkaline the yellow colour will remain, but if the water is acid each drop of 
methyl orange will turn the water pink. Ad(i the reagent until a pink discoloration 
takes place, and an approximate idea of the, dcieiity of the water will then be obtained. 

The indicator is jwepared by dissolving 
1 grain of methyl orange tii a small quantity 
of pure methylated spirit (i.e., free of water) 
(hinted with its own volume of dist'lled 
water. , 

WhM boilers are .sujijilicd from wells 
the water .should he tested for chlorides, 
which,, if present, will corrode the boilers, 
owing to the harmful effect of hydrochloric 
acid which is generally formed by their 
decomposition. Silver nitrate is used for 
such testing. One drop will turn ordinary 
drinking water turbid: and if any sodium 
chloiide is jifesent the boiler water will 
become milky in appearance. The chemical 
e.xamination ivll sliow the e.xact amount 
of reagents that require to be added to 
soften the water, and it is important that 
these, should % not be ii-sud in excess. 
Scientific cotitrol of the water soficning 
plant is of the greatest importance, btfeause the efficiency of the boiler plant, 
its evaporative power, its ability to work at full capacity with a mininhim of 
cleaning, and the life of the steani-raismg apparatus, depend u|)oii the thorough¬ 
ness with which the softening )irocess is conducted. As a general nile, 11 pounds 
of pure soda ash are required d^o soften every thousand gallons of water vhen this 
has a permanent hardness of 10 degrees. 

There itrc various types of apparatus for rernovuig the oil from feed water, but 
on board ship the pressure type of filter is generally usod. This consists of a long 
length of towelling secured to perforated cylinders. _The oil is arrested by pumping 
the condensate through the special filter cloth. Filter cloths should be renewed 
every ten days, and the dirty towelling boiled in a tank—or, a 10-gallon iron oil 
drum that has been thoroughly cleaned will answer the purpose ver^j well. Abiyit 
a pound of soda, 2 ounces of caustic soda, and I pound of good soft soap are dis¬ 
solved in tlfc amount of water required to filLa 10-galloii drum, by iilkerting a drain 
pipe attached to the steam chest of an auxiliary, such as.a feed pump, and Wling 
the solution by passing steam through it. When the liquid is boiling, the filter 
cloth is put into the tank and gently boiled for twei^y-four hours. Then the cloth 
is removed and,,^fter being thoroughly “ wrung,” is washed in at least three lo{s 
ofiordinary Wling water. 
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On shore the *oil separator generally consists o| a steel tank containing a large 
area of parent baffling plates. The simplest method of cleaning these is to introduce 
a sufficient quantity of washing soda, jnth a small addition of caiastic soda, and to 
fill the tank full of water. By fitting ^ small steam connection to the shell and 
connecting a suitably perforated internal pipe, the contents may’be thoroughly 
boiled for twenty-four hours. After the boiling process the separator must be washetl 
out with a copious' supply of hot fresh water. When the apparatus is started up 
once more the drain should be frequently opened to make sure that the apparatus is 
in proper working order. 

In the case of feed water oil filters which work under pressure, the water must 
be run into the‘container very slowly, and the small cock fitted to the cover 
must be left open, so that all the air displaced by the rising water m^iy freely 
escape. , ’ 

(c) Healing Plant .—Contact feed water heaters, in which the exhaust steaip is 
mixed with the water to be heated, often have a considerable amount of froth and 
scum floating on the surfaVse of the wate^. If the steam contains any oil in suspension 
it must, as already explained, first be passed through a de-oiler. If this precaution 
has been ^servedj the scum will be due to impurities in the water. As a general 
rule, if exhaust steam is.available for heating the feed water, and a plant is provided 
with a water softener, this apparatus fulfils the combined duties of feed water ’ 
softener and heater, but oftm the softeniijg plant is a rather crude home-made 
affair, and the main work of purifying the water is performed by an ejehaust steam 
feed-water heater. In this case the calcium carbonate, for instance, may be entirely 
removed if sufficient exhaust Sjteam is available. A feed water that has very little 
permanent hardnesf, but a coAsiderable amount of temporary hardness, may be 
treated in this way only, but the'internal parts of the heater must be occasionally 
. cleaned to free them from scale. The outlet pipes maj become partially choked, 
which will mean that the velocity of the water through them will be higher than 
it should be, an4 a considerable quantity of scale-forming matter may be carried 
into the feed-pipe range. A slow movement of the water will allow the sediment 
to settle before it reaches those parts of the system which should not accumulate 
scale. ’ , 

If a surface feed heater is‘fitted with an internal splash box or tray, this must 
be properly cleaned to ensure that the holes are perfectly clear and the fixture is 
• not cprroded. The steam in heating the water liberates the air imprisoned therein, 
and the oxygen tipis freed may cause rapid corrosion. As it is essenthal that a 
^ regT*lar supply of feed water should be maintained at all times, the heater is worthy 
, of a little better attention than in most cases, it receives. 

The steam pipes fre^enlily corrode, and allow steam to escape to 

I, atmosphere instead of sending it all into the heater. Heat and water ere thus 
wasted. The silent working of heating apparatus is' often desirable, but introducing 
the exhaust steam beloyr the water-level does not improve conditions in this respect, 
^e only effective method’ of silencing is to break up the steam into fipe particles 
by allowing it to impinge on a perforated plate. , 
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All contact feed heaters nwslf be fitted with a pipe to allow airthe air to escape, 
and it is imperative that this pipe should “be in a proper condition. 

If any prefise ^bllects in the feed-water luviter owing to the faulty action of some 
piece of aiiparatus, the interior of the heat,cr must be thoroughly cleaned. None of 
this injurious iliatter must be alV>wed to find its way into the boiler, rfhere it will 
undergo decoin[io8itioii when boiled, liberating corrosive Iniiii^s such as stearic 
acids. 

Surface feed heaters are invariably used where the steam useil to heat the water 
is of a high pre.ssure or very .greasy. The object in both cases is to keep the feed 
water separate from the steam, and all the tube joints must therafore bo absolutely 
tight, and to secure, a nia.xiniiim transmission of heat through tlie'tiibes the .surface 
must be .very clean. If the joints are not tiglit, the feed water will be uontaminated 
by the impurities fii tlie steam, and the whole^jiuriiose of using a surface feed heater 
will,be defeated. 

The ordinary fceil he,iter is constriicted on the same |)rinci|ilc as a surface 
condenser, a large number of tubes pas;s through 1\Vo tube jilates, and a 
tight joint is obtained by using suitable jnickiiig held tight on to the tube by 
.stout brass ferrules The jmcking may become.dry and cause leakage, in 
which case the tubes must be rcjia^ked. Before the feejl beater is closed up, 

‘ it shoiibl be filled with watsr, and the tube ends cari'fullv examined to see 
that they are all tight » * , 

In most (b'sigiis of feed water heaters the water jiasses round tin- outside of the 
tubes, Kilt 111 tyjies in which the water jiasses through the tubes the inside surfaces 
mav become coated with a film of grease, and tins la.ffcijiientlv ddlitiilt to remove. 
It must be removed, because otherwise the cllicicncv of the apjiaratus will suffer. 
The Minjilest method of removal is to jiass a stout 'tube-cleaning brush throiif'h each 
tube, and afterwards to flush the tubes through watli a hot soliitioli of soihi and water. 
This tyjie of heater is only suitable for heating distilleil wati'r, or condensed steam, 
but negligence is often disjilayed in tins rcsjiect, csjiccially if a Jarge amount of 
"make iiji " feed water is jiassed through the heater without previously bavfing 
been softened. As a coiiseipieiice of the negligence, a consiilerable amount of scale 
may fornr'on the outsides of the tubes, aiul this can only be removed by taking all 
the tubes out and jiickliiig " tbem. ’ 

Surface feed-water heaters are generally laggeil.with conijsisition and covered 
with slitet steel. The lagging must be in good condition, and should coves the 
heater comjiletely. Verv often only a thin coating is apjilied, aiujjoo much relianee 
is placed on the layer of air between the lagging and the steel sheets.* It is e.saei?liaT 
that the heater should be well lagged on account of its large surface, all of. which 
will otherwise radiate some of the heat winch has just been given tQ t|je feed 
water, and, of course, it is uneconomical to deprivg the water of heat before 
it reaches the boiler. This type of feed heater is liable to galvanic corrosion, 
due to the different metals, siicli as brass, cast-irtm, and jitecl, which are used 
in its construction. Because it is frequently placed between theiioiler^feed pump 
arid the boiler in modern high-jiressure jilants, it takes the place of the economizer 



REPAIRS TO SUBSIDIARY PLANT 299 

and the ei^ineer-chemist must examine it as jarefully as he does the boilers 
themsclv3h. * . 

If the feed-pipe range is not supplied with a reliable safety-vanre, thu feed heater 
most have one attached, so that undue jiccumulation of pressure will be prevented 
by overflo\fr in case all the boiler feed check Vahjes are shut, and the pump is not 
stopped. This fitting must be cleaned and overhauled, as well as any valves which 
may be attached to the heater itself. 



rffAPTKR XXiil 

PIPE LINKS 


(a) Pipes and Joints—The. two most im])ortaiit items eonncetjd with pipes and 
joints are the safety of the pipe ranpe - that is', tlie effeetiveness (if the supports— 
and the (j.ondjtion of the msiilating material with which they are cover/'d. 

It is a common Mocurreuee to see indefinitedengtlis of jiipe floating unsupported, 
and .hanging in the, most alarming catenary curves. All pijies must bo adequately 
supported, and allhough the methods of support vary considerably, one essential 
requirement is that the pipe must be free to pxiiand. ‘ 

Different methods of siqqiorting jiipes were illustrated in Chapter jil. From 
time to time the supports should be evaniiiKsl. RoIIct bearings should bp cleaned, 
the roller oiled, and tru-d by hand }o make' sure that it .moves fri'clv. Rollers 
‘frc((nentlv stick, and the jiipe.iowmg to vibration as much as to e.xpansion, tubs 
against the roller, which is unable to moye, with the rewlt that a flat surface is worn 
on the pipe. , . 

Pipeit are frequently suppoited by hangers made of flat sectional iron. Such 
hangers should be so fixed that the flat surface of th.o steel hanger above the jiart 
forming the actual clamp is parallel to the face of the^ange, and that any e.xpansion 
of the pipe—that is, any movement in the direction of the pipe - will tend tci'bend 
the flat metal. If the metal is “ end on." and tji(‘ up[)er part is not bMit through 
90°, the resulting very rigid joint will not “ give " when the jiipe ex|)ands. 

The high-pressure steam pipes must be lined iij) from the boiler stoji-valvc, and it 
there are anv joints which contiaiially give trouble, it ls almost certain that the pipes 
arc out of line. If the flanges are all machined and can be relied upon, alignment is 
very easy.Ximl only involves the projier inse^if a set of ti'sters or feelers. If, howtever, 
the flanges are rough, or have been machined anylnW,” and are not squafe with 
the pipe, the job is very trying. ICach pipe must Ue set to a steel wire stretched 
through ■the centre of the pijie. If the jnpes are curved th('*best course—wjjich 
pays in the long run every time - is to take tlmn down and rj^ace them in the 
machine shop. • V * 

Another item that is often tv cause pf worry and delay when rejiair worl; is in 
progre.ss, or blight alterations are being made m the existing pipe liiie.^is thq Ii.itehmg 
of the bolt holes and the number of holes in the flanj^st Since the introcluction 
of the British Standard Tables 'matters have improved considerably, but it still 
happens that makers drill the flailges of valves amV pipes ai^pording to their own 
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ciicle in some mgtances is not true; and for a variety of other reasons, vdlves and 
pipes oanjot be relied upon to fit together as they should. Consequently, flanges 
must be marked ofi when in place, or a template must be made. 'l Mqldng a special 
template is a costly and, therefore,‘undesirable operation, and should only be 
necessary ^ cases where the valve or* lather, piece of apparatus is too heavy or 
unhandy to be brought temporarily into the corlect position for marking ofi the 
bolt holes. » * 

Different manufacturers adopt different diameters of flanges for the same size 
fitting, and the diamet&r of the pitch circle varies accordingly. The greatest care 
is therefore necessary when ordering fittings or pipes which are to be delivered with 
the flanges ready, drilled, and the prudent engineer-chemist always encloses with his 
order an exactly drawn small sketch, showing whether the bolt holes are off the 
centre or nol. A common mistake is to compare the sizes required with those given 
in a maker’s catalogue, but to forget that the position of the valve spindle must 
be taken into account when considering whether the holes drilled in the new flange 
will correspond with thc^e in the old flange to which it is to be fitted. 

. When pipes are being put up they ^ould not be forced until the flanges—that is, 
the bolt llhles—are “ fair,” or opposite ea«h other. In some establishments it is the 
recognized practice when putting up copper pipes to insert two—or, if possible, 
three—bolts in each flfftige, and then to pull the pipe into po.sition. This operation, 
is technically known as springing the pipe, and altkough it is possible in the case 
of copper pipes,, subject to tSe risk of damaging the brazing round the flange, it is 
not so easily done in the case of steel or cast-iron. Very long steef pipe? can be 
sprung into position with tj^e assistance of a pair of chain blocks. It must be 
remerabered that the pipe is fiot permanently bent—^the steel is too strong for that 
—but it is distorted exactly in tjie same way as a piece of piano wire may be bent 
in th6> ordinary mqgning of the word. It springs back into its original shape when 
released. Steel pipes which have'been at work under pressure for ten years have 
to be sprung into position again after being disconnected for the insurance company’s 
hydraulic safet/ test. ^ 

The question of springing pipes has been^ introduced to emphasize the extreme 
undejirability of subjecting pipes to unnecessary stresses. Steam-pipe .explosions 
are unfortunately not rare, qpd in ninetf out of every hundred cases the pipe, con¬ 
sidered solely as a cylindrical vessel, was of ample strength at the time of the explosion. 
It is the additional stresses, such as those due to springing, water-hammer, or inability 
to ifxpand freely, which, being greater than the stress produced by the internal 
pressure of the wtTrking fluid, cause tlte metal to fail. Pipes which are subjected to 
vibration often fail in consequence of the deterioration of the mechanical properties 
of th4 metal through fatigue. ^ * ■ 

PijJesTrequently cracl^round the flanges, and, as often as not, the reason is faulty 
jointing. The best practicl is to scrape the face? of the flanges until the surface, 
when tried with a face plate, |hows that whefl Jjolted up they will make a steam- 
tight joint. A ^in d|^pli£ation of red lead paint is all that is required for a perfect 
job. This^rocedure is out of the question in commercial power |)laii& on account 
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of the expense. The next best plan is to machine the flanges, and ijo'Use good steam 
jointing A: inch thick; and this should be adopted as the standard. 

Many steam-pi'jc flanges arc never machineil, and in order to overcome irregu¬ 
larities, a very thica joint is made, or patent corrugated metal rings copiously covered 
with black cenjent are used. When such'joints have to be broken—and they all 
start lc.iking sooner or later—the flanges must be filed true, and good steam jointing 
used. The jointing should be coVered with a little graphite tc^-prevent the joint 
sticking to the flange, and thus cau.sing needless labour when the joint has for any 
reason to be broken again. 

Fig. 240 shows two methods of making a joint. The right-hand illustration 
indicates correct practice—a joint the same size as'(he flange. 

The left-hand drawing shows a metal ring- cojiper rings are often used—placed 
inside the bolt circle. When a joint thus made is tightened up, excesitive leverage 
is exerted on the flanges, and it the pipe is subjected to a violent .shock or other 
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disturbance a fracture may occur, because the flaugss are not face ‘to face, liut a 
narrow bearing surface, the width of the,metal ring, is all that »s available to take 
the pressure. • 

The condition of the steam-pipe range is geneVally a good criterion of the manner 
in which the whole plant is kept. In this connection the engineer-chemist should 
remember that wooden wedges can be put to other uses than for stopiiing leaky pijie 
joints—quite apart from any (|ftestion of beauty. 

(6) AUenlimi to Ltiggiog. -A few rebiarks about lagging were made when dealing 
with boiler covering, but, important as that Ls, the need for covering pipes in a 
proper manner, so that a minimum amount of heat sKalt be lost by conduction, is 
even greater. * , 

TheTe“are different methods of covering pipes. Materials that have been txied 
includedag wool, loam, cork, felt, asbestos, fossil meal, magnesia, and a large nuiqbcr 
of cheap compositions containing in most cases some of these ingrodielits in varySfg 
proportions. The efficiency of any covering depends on porosity, oj cellujar con¬ 
struction. The quantity of air contained in its tiny cells is the real measiKeiff the 
insulating value of any material. For this reason Jmir fdt is about the best covering 
procurable, but owing to its high cost and the facts that a considerable thickness is 
required, and a suitable protective covering must be lupplied in addition to the felt 
itself, this me,terihl is not much used for pipe lagging. It is, howevbr, emjiloyed for 
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insulating varioas kinds of apparatus. Eva^wators, pumps, feed-heaters, «tc., are 
generally finished with a covering of planished strcl to improve their appearance; 
in former days polished mahogany was largely used. The space’aetween the steel 
covering and the casting can advantageously be filled with hair felt. 

Much of the surprising negligence whifh prevails to-day with regard to the proper 
covering of pipes is no doubt due to the fact thai the heat wasted through bad lagging 
is lost unseen. A leaking joint is a phenomenon ^/hich can be seen, but there is no 
visual indication of the quantity of heat being lost. In certain cases, bovJcver, the 
wasted heat can be felW-as, for instance, in the engine room of a ship. This fact 
no doubt explains why the pipe systems in the ci^ine rooms of ships ar<v fairly well 
covered with insulating material. • , , 

Pipes are frequently covered with inferior covering which has a comparatively 
low efficiency. Over and over again, when an entire pipe system has beens covered 
in a proper manner, the temperature t>f the engine room has fallen from 1,')° to 20°. 
Engineers who have served on board ship in the tropics will realize the enormous 
dillerenee such a reduction in temperature makes in comfort, turning a four-hour 
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watch from a'seemtngly endless spell of torture into a more or less bearable period 
of duty. 

.The fact*nevertlieleas remains, that all steam pipes dissipate heat, and that the 
loss increases as the difference between the temperature of the steam inside the 
pipe and the sursounding air becomes greater. Pipes in the open —or in boiler houses 
the*temperature of which is but a few degrees above the outside temperature, owing 
to the yery “ open ” construction—lose a very large amount of heat by conduction, 
although the loss does not actually “ make itself felt.” If it were easy to form a 
vivid mental picture of the discomfort which would be experienced by human beings 
condemned to spend their time*in proximity to the-pipes in a room totally enclosed, 
and «ot open to fresh currents of air, the significance of wasted heat would be better 
realized, and the sabject of pipe-covering would no doubt receive more attention. 

' "'Magnesia cAnposition containing 85 per cent, magnesia is a very reliable covering 
material^ but iji some instances the (^t ia rather heavy, as the subs^^nce is not 
alway^jreadily obtainable. € 

The writer has made a”careful study of the subject for the purpose of finding a 
covering which is durable, can be obtained in angst parts of the world, and gives 
muTiTniim efficiency far mininftim cost. Practical experience has proved that a 
pipe covered as shown in fig. 241 will give satisfactory results. 
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The ^ipc is first thoroughly cleaiie<f, and painted with a coat pf'good thick lead 
paint. ^Vhen this paint is perfectly dry, an asbestos ijope of superior quality is 
wound tightly roiud the pipe. * 

The importance of using strong asbestos rope and not the inferior “ filled ” 
variety must h,ere be emphasized. “ Filleel ” rope consists of a tliin outer covering 
of asbestos, the interior being (filed with a loose material which iindirgocs disin¬ 
tegration when it is heated, and Is reduced to a powder. It is f^.waste of ihoney to 
buy such'ropc. 

IVhcn the asbestos rope has been wound tightly round‘the jupe, and each turn 
has been beaten down witit a wooden mallet, the entire surface is covered with 
magnesia composition „with a niinimum thiclyiesS of ^ inch. Ulus covering must 
not be applied with a trowel, but actually thronn on to the pipe in small pieces. 
This part oftlie work may be done with steam m the pipe, so that earii little lump 
of magnesia will bind with the remainder to form a solid covering. The lagging 
may be smoothed over to make a good finish. 

After the com])osition has set, and there are no signs of cracks anywhere, good 
thick asbestos cloth is neatly laid round thc<pipe, and .sewn togetner with asbestos 
yarn. This latter item is very importapt, because ordinary twine soqii becomes 
rotten, and the stitches break. For the same reasoiir ordinary canvas must not be 
used. “ • 

At the end of the pipe the'' covering should tajicr away so tliat the bolts may 

mny cases the Voveriiig is taken right up to 
the flange, and when a fitter has to 
take out the bolts to remake a leaky 
joint, l^s' breaks aw(iy‘ some qf the 
< covering, which ^ves 'the pipe an 
untidy appearance. , . 

t'onsidcrabte controversy still rages 
around the question of covering the 
flanges. Theoretically nil flanges should 
he covered, because, they radiate heat, 
but the jiractical man prefers to^ie able 
• to see all the joints, anil to know that 
they are ‘tight. If flanges are to be 

covered? this must be done in such a 

' « 

manner that the lagging can easily be 
■ icmovcd. To complynvith the condition 
a small cover may be nthde which %n 
• be secured with bookstand eyes. In 
fhe best practice either an amangpment 
of this sorb or a flange box is fitted. 

Fig. 212 show's a flange box made by Me.ssrs. Newalls, and so constructed that 
it can easily be removed for purposes of inspecting the pipe jaint. 

All pipeH^, however well they arc lagged, must be covered with St lea# two coats 
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i of paint, if subjeoted to nrind and weather. Kpes lagged with ordinary coinpoeition 
must be j^ainted with good tar paint ta protect ^e composition from becoming 
soaked when it rains. ' i • 

Fig. 243 shows the boilers and stfeam and water pipes of a large’Lancashire 
boiler plant^lagged with Newall’s coverin'^. . > 

In boiler plants which have a yery complioatei system of piping, the pipes may 
be painted in distbctive colours accordmg to their functions, so that a Uve steam 



S’lo. 24^.—EmoiBN^PiPE LAOGiira. 


pipe may easily be distinguished from an* exhaust steam pipe, an ordinary water 
main’from a feed water range, etc. 

. is) ^team Traps, etc. —Ther5 are a very large number of valves on the 

manet, but comparatively few are worth buying. In support of this statement it 
may bo mentioned that the number o^ sterfm stop-valve explosions since 1919 is 
increasiag In a -most alarming manner. 

High-pressure steam stop-Valves require to be cared for with the same thorough¬ 
ness as boilers, and all other VE^ves need attention according to their duties. The 
i^er will recall tjhe sflnilar remark made when dealing with boiler mountings. 

Full way^or sluice tyjfe valves are largely used on shore, because they are co%- 

20 
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sidered safer. The stresses set up m the casting are not so severe as w^th the ordinary 
globe type of valije, and water pockets are not so likely to he formed. These valves, 
however, arc /iifld'inlt to kee]) tight, unless s])ccially designed, and a well-designed 
globe valve' constructed of the best materials will give more satisfaction. 

Valves eon.'^aining parts made of. giiniiietal and brass must never be used for 
superheated steam, hut a cast-sleel valve body fitted with nickel steel valves and 
seals will, give good si'rviee 

All valvcr, should be tried once a week to make sure that they are m a good 
condition, and can easilv In' operated. 

Valves'on the lops of hoileis Ireipiently hei oiiie <’o\ered with soot and, heeausi' 
gritty particles find Ilsur way into tin- glands e\ery time the \aKes are o]ierated. 

the s])indles become worn and steam leaks are 
Ihe result. smiph' eo\er, as shown in fig. 211, 
may ea.sily he made from a small ])iece of canvas, 
ora sack cut fo the icipiired length can he used as 
a cheap suhsliliilc 

If a val.’c has to he opeiatcd m a hurry ui 
case of yii emergimcv, Ihe cover can la ■'ri|iped oil, 
and the \alve that has been so cocefed will he 
casv to work, as compaicil with one which is 
covered with dirt and the wheel of whah is hard 
to tiiiii, because Ihe hard and giittv packing firmly 
gr!))s the Mil\c sjimdle. 

II a \al\c leaks, airaiigcmcnls must he made 
to open it ii]! wh'ic using Ihe. alternative ])ipe 
system, and Ihe ppporliinilv iiiusl he taken to give 
the \al\c a geneial overhauling It tri pientiv 
hajijiens that a steam vahe rcipiires a hllle 
attention, and whilst the repair immediately re- 
(jiiired IS being made, a more impoilaiit delect is 
oM'rlooked, because it is not ciiiinecled with the 
» , work actually m hand. When, for e.xrniple, a 

boiler is to he cleaned, hut it is found thut the .steam jimi tioii valve leaks so badiv 
that it Is nnpossihlo for men to work in th(‘ boiler, arrangements have to be 
made ^r the valve to be rejiaired before anything else can he done, and this 
usually involves loss of time. Few things are more annoying than to find; after 
relyiilg on a valve to be steam-tight, that it leaks so badly *ihat the jiartieular 
section affected by it cannot he, propcily nsolated. ’ 

Generally valves only require to be re-ground or, if they are "i very, bud con¬ 
dition, skimmed up in the lathe. Details ot this work were given in Chapter XXI. 
(see p. 289). 

Very large gate or sluice valres are sometimes fitted in exhaust steam-pipe 
ranges, and as the mechanism for opening and closing the.ie valves is often com‘- 
^licated aild operates in an indirect manner, as in the case of valves fitted with bevel' 
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gearing, it is absolutely imperative to have a tell-tale arrangement, so that by looking 

at an indicator the attendant can see whetlier the vilve is open pr.Ihut 

Steam traps are of two kinds—viz., thermostatic and floaf. Ir^ the former type 
the condensed steam is discharged by mechanism, the operation of which depends 
on a reduotim in the temperature of the tileam^ whjlst in the latter tlfe discharge is 
regulated by a float. • , 

The traps are awtoniatic and, like other similar apparatus, can givu endless 
trouble. The float typo gives the be,st re.sulta, and if the choice of suc^ ajipaTattts 
rests with the engincer-.cBemist he will see that only such apparatus is installed as 
has proved its value under ninning,conditions. Steam traps must be of th*e simplest 
design and very nigged in constructiort, with a minimum of w'orkiug parts. Other¬ 
wise the maintenance charges will be out of proportion to the usefulpe.ss^ of the 
appaj^tus. l^e traps should come under the supervision of the works maintenance 
department, and in that ease the engineer-chemist will only have to see that gjll 
the exhaust steam which can again be utilized for feeding the l)oilcrs is returned to 
the boiler house. o 



,('HAPTE]l XXIV 

STRIJCTUIIAL REPAIRS 

(n) Fvel-Handhmj Plant. —Fuel-haiKlling plant and bunkers are the two most 
important items that have to be considered m the present chapter, so far as njain- 
tenance is concerned. The machinery for transporting and weighing the fuel requires 
periodisal examination and overhauling, because it works under somewhat dis¬ 
advantageous conditions, due to the continual presence of dust. Bunkers deteriorate, 
partly because the fuel is frequently wet. and partly as a result of the peculiar 
characteristics of coal. 

The fuel-handling plant will include, weighbridge, or automatic weighing 
machinery such as an automatic tipping|inachinc or a continuous weighij.'" machine. 
The ordinary type of weighbridge should be cleaned lyid oiled once evei'y^six months, 
and tested for accuracy every three months. Many lirms.have a contract with the 
makers, who send a reprcseiit.ative periodically to examine, repair, and see that 
the machine is in proper working order This will be found to be the most ecqnomical 
practice in the long run. > 

, If a private test is to be made, the simjilest method is to use a tank of known 
weight, and fill it with a quantity of water whose v()iume can be calculated. 

Weighbridges, as a nile, give little ,|rouble unless they are very old, m which 
case the balancing mechanism and lever system may be sluggish in reiiuondmg 
to the balancing weight. 

Fuel elevators and conveyers are generallv designed in such a manner that they 
are worked by totally enclosed electric motors, but belt driven elevator shafts are 
still to be seen. The repaiis needed are generally small and of a misi’ellaneous 
character, but it is essential to have a weekly insjiection, because if the fueldiandling 
plant breaks down, and the bunkers ore only large enough to provide for the 
immediate needs of the boilers, a .serious' stoppage may result. 

Here we have a good illustration of the vital importance of reliability in the 
subshfiary plant, because in large boiler houses the alternative of handling the fuel 
by hand is out of the question. Not only i.s the volume too large, but the structural 
design of the building does not allow of such procedure being adopted in emergency. 
Central power stations are generally equipped with two or more automatic .telphers , 
or conveyers, but fuel-handling plant as 'installed in the power hou^'s^of large 
factories is seldom in duplicate. , ' 

Travelling cranes, grabs operated from telphers, belt conveyers and similar 
machinery, are operated electritally, and the motors should be examined at least 
once a wofk, t nd more often if their design necessitate^ very carcfuj,,examination.j, 
f , , 308 
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, Some makers fit small mica-covered inspection doors to their motors, often the 
mica becomes so dirty that it does not serve the piApose for wlycjf it vi'as intended, 
and the machine is neglected or the windows become brokefl an^ coal dust settles 
bn the commutator. When this takes place, the commutator soon suffera, and 
' the motor s^rks very badly, so badly that the efl^ct is often to produce continual 
illumination. • , 

It has already been said that mechanical stokers are generally supplied with 
fuel from overhead bunkers, and that such bunkers are made of steel plates. The 
steel is subject to rapid corrosion, because the fuel is often wet when the bunkers 
are filled, and also because coal undergoes “ weathering,” which is a prodess of slow 
oxidation. Incidentally coal is liablS to become heated to* such an extent as to 
Cause spontaneous combustion. Generally speaking, the fuel does not remain in the 
bunkers long enough for this to occur, but on board ship, where the coal lies in 
bunkers which form an enclosed space and are frequently badly ventilated, grgat 
trouble is experienced when the coal commences to burn. 

Bunkers should be well ventflated so that the temperature will always be about 
the same as that of the atmosphere, and on no account must facilities exist for an 
explosive nature of air and gas to collect fti pockets. 

The slow o.xidation of coal* may be compared to low temperature combustion, 
and in both cases the coal loses some of its calorific .value. If coal is stored for a • 
long period under atmospherip conditions it may lose as much as a third of its 
heating value. . , , 

Firms which keep large reserve supplies against industrial disturbances illso run 
the risk of spontaneous combustion, because the heat produced by the slow oxida* 
tion cannot rendily escape and therefore increases the temperature inside the heap. 

If large reserve supplies of fuel are kept, tfie engineer-chemist will sec that the fuel 
is store's in uomparatively small heaps, and that proper precautions are taken by 
placing pipes for temperature-taking purposes in position before the coal is dumped. 

From the foregoing remarks it will be gathered that overhead bunkers should 
be oonstructed in such a manner that no coal <ian collect in any pockets. If the 
bunkers are badly designed, steel plates must be fitted so that the coal will fall easily 
towards the outlet. It is better to reduce the capacity of the bunker sKghtly than 
to run the risk of the coal catoihing fire, un some cases the bunkers are exposed to 
heat due to the bad ventilation of the boiler house or to their proximity to flues 
and ejfonomizers, espScially when these are placed high above the grounds 3uch 
conditions are most, favourable to spontaneous combustion. , 

• The steelwo^r of the bunker should once a year be thoroughly chipped, cleaned 
with a wire brush, and painted. The inside of bunkers is best protected by covering 
with a good bitiftnastic solution. .If th^ bitfunastic is applied hot, as it%houId be, 
the plates should be oorro.sion-proof^or a number of years. 

■ The care of overhead hunters is rather more^important than is generally recog¬ 
nized—firstly, because ^very heavy weight is supported by the bunker, and secon^y, 
because once the plates begin to corrode, it is exceedingly difficult to^ arrest the 
process. It is now well known that when rusting has once compenced, Ehe presence 
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of moisture is not necessary for its continuance. This, of course, means that although 
a rusted pla'te isyupcrficially cl(*ancd, and even painted, little reliance cun be placed 
in its future beha^'iour; Hence concrete is replacing steel as a construct ional material 
in coimection with coal storage. Concrete fuel bins can be bnilt any shape, the 
surface can begiveii a smooth fiplsh hi (hat the fuel falls easily, and tiRy'll-important 
factor of corrosion is eliminate^. Another adwintage of concrete coastriiction is 
here wor.Uiy of notice. Steel girders, etc., will buckle if siikjerted to intense heat, 
such as is experienced in a fire due to sjiontaneons combustion of coal, but reinforced 
concrete has great lire-re»isting ipi.ditics Thus there are at least two good reasons 
why reiiifdrced concri'te is superseding unprotected steel in boijerdiouse construction, 
including the construction of overhead Ininki'rs , 

llefore leaving the subject of fuel liandlmg, it nun’ be worth while to refer to 
the special study .which has been made ol this subject in the rnited States. '.Vitli 
winter temperatures often falling below zero and hovering around that figure for 
weeks at a time, the jirohlem of the coal siipiily is a very seiioiis one ior our American 
cousins, jiarticularlv in maiiufacfiiriiig districts, like the textile area of New 1‘lngland, 
which arc several hiiiidied miles awav from the nearest coaltield. Ijoth the mines 
and the railwavs arc subject to indnslrtal warfaie ol tbe bitterest ki iif. and it is 
tberefore ciistoniarv tor large plants and r.iilw.iys wliieb have no direct, acee.ss to 
t the coallields to accumulate,enormous reserve slocks ot fuel 

Kveii III plants with i omparafivelv small reipiirei'.iciils the coal piles have been 
of snilic lent size to cause disastrous lires when spontaneous coml.Mistion occurred. 
Tn Novi'inber, liH8, a large plant engaged in .leioplaiie maniilailure at .Marblehead, 
fn the iSt.ite ot .Ma.ssachiisetts, was coniplelelv dcsiroyed, and .Jt'iougli several 
theories vvcie advanced to .iccoiint lor the lire, the otilv po.sitivejui'ccaif evidebce was 
that a stock of coal, amoiintiiig to abofit l(M> tons, had lii'cn loiiiid on lire in the 
boiler house three or four vvei'ks earlier, and tint, this had been rt handled and [iiled 
against the wall of tfie building ill which (he (ire started. .Vbout 7.") tons remafned 
ill the pile on the day of the fire. ,'8onie nionths earliei the N'.itioiial Kire Protection 
.'Vs.sociation' rejiorted a file I'l which part ot a papermaking jilant was rediicel to 
ashes as the re.siilt of s|)outancous combustion in a jiile of coal banked against the 
wall of a.building. Tn the light of such evpeiieiices it is not siiriirising to'find the 
United States Bureau of Mines giving seicoiis attcntvaii to (Ins matter. 

The inve.stigations of experts have led to metlioijs of storage with which English¬ 
men aw iinfaniiliar For e.xani|)le. about six vears ago the Diii^nesnc Light Coippaiiy 
of PittsTiiirg conatructeil a concrete-lined jut HOO feet long, but) fj/et wide, and 25 feet 
deej), for the safe storage of KHl.tllK) tons of coal, which was to bejeept iVinstantly 
submerged in water to avoid (he risk of spontaneous heating. ^ 

If coal*is not totally submerged, the. lei^i mojatiire it containable .safer will be, 
its storage in large quantities. ,So with ventilation, unless it can be sulKcicntly 
thorough to ensure that air reaches every jiart of the pile it is better to exclude ait 
altogether. Piles of large area'iihoiild be anbdivkled, and^the height of the pile 
should not exceed a few^eet. Storage in bins with air-tight bottom has been found 
.VViOVned ytre ProtecUim^-i'iVtri'rilwti Qitnrleihj. vol \n . No. I, p lOS 
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to possess distmcft advantages as compared with covering the surface of the coal. 

Coals witU high sulphur content in the form of pyrites are s|st<W tcf give special 
trouble, owing to the development of sulphuric acid in the wfethcjlng'of kon pyrite. 
It is considered desirable to take the temperature of the pile twice a week for the 
first three B^onths, by lowering theimometers»to various depths in pipes similar to 
those recommended above (p. 309^; after a pile ha^ been in existence for that period 
a weekly temperatifre "taking will suffice. Experiments arc in progress to^letermine 
the relative liability to^spontaneous combustion of the various typeS of soft coal 
mined in the United States. 

As soon as he finds a temperaiure of 150'’ F., the engineer-chemist iS warned to 
make preparations for removal, and when 180° F. is reached the rehandling should 
’be commenc,ed. The work must bo done scientifically, and not hapljazard, for if 
the«hand]ing is npt so conducted as to effect a tliorough coolinji^of the heated fuel, 
the last state will be worse than the first. , 

J)r. von Selfwartz, the great authority on the clicmistrv of fires, lind many years 
ago laid it down that gentle protracted warmth of, say, 8.5° to 100° F., would create 
a very di^ngerous (condition in a coal store, and the truth of his dictum has been 
verified b^many a painful experience on iToard ship, where the coal has to be stored 
in close proximity to the boilers, and in warm climates on laud. Tlie presence of 
slack and fine coal in any (piantity also increases the hazard of s])ontaneou3 com-* 
bustion, and when, as somet’ines happens on shijiboard, violent movement sets up 
a griuJling actien, the pulverization thus b[ought about may beconjc a source of 
danger. • 

(b) Buildings.- Macliinery which is to be kept in good condition and runnirtg 
order Inust be, sifiti^bly protectAl from wind and we.ather. Insufficient attention is 
given *to the housing of power pfeints in fliis country, and a very large number of 
British boilw plants work in the open*. 

The engineer-chemist will be responsible for keeping the property on which the 
power plant stai^ds in good condition, and he will therefore make such e.xamination 
as he may think necessary. First to be considered si’c, the foundations, which must 
be carefully watched for any signs of subsideucc. The conditions of a boiler house 
are different from those of any other building, because a certain amount i»f the heat 
generated in the boilers is lost by conduetion, and this heat is largely absorbed by 
the ground. Extra heavy raipstorms or the overflowing of a river can have the 
mos^ unexpected eflhct on the foundations of a boiler house, because th» weight 
supported by every square foot is fairly high. The first indication of sub^dence 
generally take« the form of cracks in the brick walls, but sometimes the w'alls get 
out of plumb before any cracks appear. Cracks niftning in a horizontal direction 
are not sefious, but a zigzag crack nee&s careful invesstigation. • 

Alterations to the existing buildyigs are often a source of much trouble, inasmuch 
as the foundations will not take the extra load imposed. This has frequently 
been the case when ^n old boiler has been reduced by a new one of slightly 
larger size. . • » ^ ^ 

The masonry of the Wldings is sometimes defective, and since tHe walls oftgn 
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support, in addition to the roof, very heavy loads—such as economizer, overhead 

bunkers, etc:—thiJir condition nlay well call for thorough inspection. 

Modern boiler’,houses arc built of steel. In other words, the framework which 
takes the principal loads is built of steel beams, and the walls only serve the purpose 
of closing up the framework. Sych eonstfuction is suitable, because i^the founda¬ 
tions for the main supports are taken down to a, .sufficient depth to ensure perfect" 
safety the behaviour of the walls need not be a source of graw, anxiety. 

There are many so-called boiler houses which comsist of two small side walls 
(generally in a dilapidated condition), a back wall compo.se.l of the bunkers, and 
a corroded corrugated iron roof. The moral of /ircmeii working under such con¬ 
ditions Ls not couducivt to the best results. Tne men become hot .when working'the 
fires, and in the short intervals Indween their arduous duties they are exposed to cold 
draught and possilily rain. Little wonder they stay away from work, compla’ning 
of rheumatism and other ills. It is hard to imagine .scientific instruments indicating 
maximum efficiency and an organized system of fuel economy under such primitive 
conditions. ' ■ 

The lighting of the boiler house is also imjWtant. There are boiler houses which 
are lighted on the mo.st modern lines, cvety detail having been carefully, Jtudied, but 
there arc others working underground and illuminated by a few sma"!! gas jets 
I Bupjilemcntcd by oil lamps. -Although the eye is spared the painful sight of neglect 
which must necessarily follow such working conditionj, it is wonderful to think that 
men will toil under such disadvantages'. Jlost of the faults in a boiler houi^e must 
be detected by the eye, and where tlie satisfactory operation and maintenance of 
the plant depend on a good memory and an ill-found,ed trust that the unseen will 
not give trouble, the risk of a breakdown is very givat. ^ ‘ . ' 

It is somewhat curious that the question of ventilation is frequently overiooked 
in modern boiler houses which in all other respects incorporate in their design the 
very latest practice, 'rherc are occasions when smoke and noxious fumes are forril^d 
in the boiler house even though boilers are fired by mechanical stokers, and pro¬ 
vision .should bo made for tliesg to escape through openings in the roof. This i8<t.he 
more important because such fumes, are generally corrosive, and should therefore 
not be albwed to condense on the cold steelwork of the roof, etc. * • 

AVlierc overhead bunkers serve the boilers, the lu'jght of the buildings is ample, 
but in Laneashirc boiler plants the height is frequently so inadequate that special 
arrangements hove to be made for the riiain steam pipes to ricar the roof trusses. 
There is no excuse for such a state of affairs. ^ 

In cases where pipes pass through the walls of the building, it is cgmmoB primtioe 
to make holes and fill the gaps afterwards with bags, etc., the result being most 
unsightly., The pipe should, of courfe, mjt be^surrounded by Ifrick which will 
interfere with its easy expansion, but a suitable piece qf wood, cut in tafifes and 
fitted round the pipe, will prevent cold air rushing past the pipe and incidentally 
make a neat job. * 4 

The steel structure of a boiler house should be thoranghfy cleaned and painted 
aj least evety two years. Only too often it is argued that paint is niJt required in 
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a boilof house—and it certainly is noV, from an a'sthctic ])oint- ',)f view, in boiler 
houses as they cyst to-day- bn/ iron ami «leel corrode quickly, and the, conditions 
in boiler liousvs are ej’ceediiiply ta\oural)Ie to tMirrosion. Paint has, therefore, a 
very real ])roteetf.(‘ value. Kij;. 215 sIiown the interior cd a modern boiler house, 
and ilemonstrates that a high, ^airy, wtdl Itglited, ]tIeaKant boder lumse is quite 
possible. 

Some boiler houses are very dranghtv This is a \erv ,?mrtlesiral)le condition, 
because md^onlv dt> the bpders suller trom a tluctuating temperature, hut dust 
flies about everywhere, and the atl<'ml.mls <‘om))lani The walfare of the stall is not 
considered CIS serionslv as it should he. heiaiise the all-round la<‘k of interest in the 
boiler house ofierates also to the detnment <d'(hose who worlv th«;reni One of'tlie 
great (dianges which aie long omtcIih' wdl mean the employment of the nglit tvpe* 
of man,'paying him aci-ordiiigh. and looking after his sidl resp«ct l)\ pro\ji^ljng 
suitable aceoimnoi^iilion wlieie he ma\ cliaiiue into workinu clotlies. have a wash 
and sit <lowii during the meal hour when In* snatelies .1 liiirned lute ami Keejis a 
sharp eve on the gauge glass Some firms ha\e a e<*rnei ol^lie boiler house n*serve<! 
for this juirpose, fmt m the gre.it majonlv cases the lomlitions under which tin* 
men woik aie positucK disgracc'fid Ve> womlci is I'.xprcNhed whv lir<‘i^‘n aie such 
a “ rough lot " * 

The tiii'nien use law mati'iials woith thoiis.nids ot pianids, and the\ should 
therefore he chosen ironi nn-n who le.ihzi* ihe rcspoi^sifiihl\ o! then posiiion, and 
can he e.\])ecli*d to know then job In laine hoih'r Innises wfieie, the hoilhrs are 
bred by ims'lnimcal stokcis. tin* old*t.isinoiied I'omhmatioii ol bride lorci* and 
ignoiaiici* is no longei ser\leeahh*. and attending a h<yl<T is <i refiin*j,l *j»erloimam^‘. 
reijuirmg skill il the r(‘sults aie to he go<nl It in.iv stdl he (alhsl a <^irU' |oh irt cause 
(lust c.iiinot he <*!iminated, hut the men*-niust Inuve lirains. and if hettei working 
conditions, m tin' shape ol conif(*r1 sin h .is the other t.ictori cinplovi'cs'enjox, 
existeil m tlie boiler livuse. a <liflerent !\ pc ol in.m could in* ohi.iincil .iml the hoih*^- 
lioiisc world wiiuld he rev<»lutionized In Amciica thcie arc hodci houses wliere 
the firemen are senior to the engine men and .dtiiougli hv no nn-.in's pampeied wnth 
A lot of so-called " well.ire " woik the\ aie n'eognized as human liemgs who exjieet 
to work npiU‘r eonditioiis m keeping with the respoiisdulities ot tln'ir j(d) * * 



Chapter xxv 

CONCLUSION • 

^ Althouoh fundamentM principles of good maiiiigement are the tftme for the 
largest as for the smallest plant, it ts obvious that the method of presenting those 
• principles will be influenced by the particular type of plant which Ajcupies the 
fowiront of a ^rtiter’s mind. It will have been apparent from ^le earliesf chapters 
that the present work h/is been planned and written with special reference to the 
needs of average industrial boiler plants and of ships of tlie mercantile marine. 
The author has drawnmpon Ms experience afloat and ashort' tor suggestions and 
practical^illitstralions that should appeal with equal force to the company director 
. and the platit engineer. For the benefit the, director he has indicated the financial 
advantages of utilizing to tlfe full thi' heating value of all fuel consumed, and in 
dealing with the technical aspects of steam production it has been his constanjj 
aim to be of service to thc^ngineer who has to solve the every-<lay problems of 
management. . * 

What may be termed e.xtraordinary plants as, for example, abnormally large 
\^ater-tube hailers fired wiUi pulverized fuel have received only incidental ean- 
siderEtion. EvCry^such plan?%inploys a staff of e.vperts, and its operation invoK'es 
the iftie of special methods and apparati® having a literature of their own. 

Tl?e vast majo>ity of British facftiries are supplied with power by boiler plants 
Consisting of a number of Lancashire or water-tube boilers, 8nd ujion the efficiency 
of these factories the welfare, of British iuilustiy depends. Even British agriculture, 
which is notoriously conservative and individualistjp in its methods, is now^ largely 
dependent on factory efficiency, as agriculturjil machines are used to a much greater 
extent than was formerly the case. The non-agricultural populatuNi.is entirely 
dependc^(t, directly or indireatly, on theiype of industry represented by the factory. 

A factory organization wjjich manufactures articles at a lower cost than its 
competitors, and is •willing to fix the selling price accordingly, will always*be busy. 
A large number o^workers will be continuously in employment, and their purchasing 
•power will hejp to keep*other industries busy. 

'vOp the manufacturing side of most factories technical efficiency is high, and 
interest'is maftitained in the deyeloppient*of improved methods of pri^luction. In 
so faf’as the efficiency af the bmler plant falls below the level attained by the 
remainder of the factory, ^he net percentage of efficiency is decreased. The keen 
competition between^craftsman makes It very*dyficult to effect substantial relative 
economies in manufacturing processes, but in the field Si steam production, where 
scientific management ts the exception rather than the rule, mpeftant savpgs 
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are easily possible. Miich can also be*yonc by utilizing more eificiently the steam 
actually suppliedj,. but that is a topic beyond the scope of this book. , 

Fuel—chiefy raw coal- - is the mainstay of British industry, because it is used 
in producing the energy naiuircd to keep the factories working, whether that energy 
is consumexl in the form of steam, mechaiucal power, or electricity. The scientific 
control of the boiler house to obtain tlie maximum energy from every pound of fuel 
burnt is therefore of vital importance. 

When a srper-power station or a super-Drcadnought has been completed, either 
of which may represent a paltry lij0,0(KI horse-power, the public is advised of the 
fact by the laily and technical press. This is'quite in order, because the very fact 
that such formidable tusks have been complcied is proof of the ability of British 
engineers, and it is pleasing to know lhat the inventor’s mind has once again sur¬ 
mounted'the difficulties that unilertakings of this character alwajs present. ,The 
very coiLsidcrable ipiantity "f fuel necessarv to ojieratc a supcr-jiower station or a 
super-Dreadnought will jirobably be consumed very econonueally under the super¬ 
vision of highly trained men, and this is all to the g( od. But the total hor-se-power 
of a sujier-Dreadiiought is vastly less than tliaf. of all the Ijancashire and water-tube 
boilers manufaetured during the pciiod of eonstriietion of the great shiyc The fuel, 
consumption of most of these boilers is habitually wasteful; but becau.se the topic 
,has no ''news value." the public is iiever made to realize 'how serious is the loss 
involved in the inelHcient operation of the ordinary plant. It may lielj) the reader 
to a better realization of the importance of the small power unit to know tllat the 
horse-power of the motor cars annually turned out by the Ford works is greater 
than the eombmed horae-|)ower on board the ships of a battle cruiser i.qu<adron. 

Naturally, this leads us to the (piestion. What dan be done to nroinoti/ good 
management of ordinary factory boilers ? During the present year (ISa.l) a .serious 
start has been maile towards solving the problem of smoke abatement, and the 
abolition of the smoki nuisance can mean nothiiig else than that fuel which is now 
jiermitted to escape into the air as tiny particles of unburnt carbon will, at any rate, 
be consumed. The .science of^ burning any fuel is much more conqilicated than 
most people imagine, and m the pp'sciit work it has only been possible to 
scratch the surface of the subject. If a coin[)rehen.sive treatise on combustion had 
been attempted, it would have been necessarv to h'ad the reader into a maze of 
chemical detail concerning the constitution of fuels, which would be quite unin¬ 
telligible to any but students who had speiializcd in this direction, and which W'ould 
not give an iota of help to the practical man in charge of a boiler plant. It is, however, 
a comparatively simple matter to explain the conditions tnat must be falfilled to. 
secure efficiency, and a brief iiubcation of the nature of tlie.se was given in Chapter II. 
when explaining the methods of burning different fuels to obtain as perfect a com¬ 
bustion as the ordinary fire grate wall permit. * 

The first need is for an intensive educational campaign. Far too many factory 
owners still consider that the prc.'ention of smoke is a niggling refinement. The^. 
care nothing for the polluuon of the atmosphere or the resulting damage to health ■ 
an^ property! td say nothing of the inconvenience and discomfort caused to the 
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general public.*,They feel that the advocaies of smoke abatement wish bo place 
’ restriction! upon them for similar reasons to those which led teethe,requirement 
that motor-driven vehicles he fitted with silencers to prevent i5i4 deafenyg roar of 
the exhaust gases leaving the cylindeh from drowning every other softnd. Some 
of the objectors go so far as to impfy tha^ as the silencer on tjhe motor car 
certainly dcJfes not increase its epciency, the prevention of smoke will probably 
afiect injuriously the working of their .boilers. * 

.. It is therefore most encouraging to note that early i;his year the Universities of 
Sheffield and Leeds published the prospectus of a series of lectures to be given imder 
their auspices on the subject, ancj that at the same time a large number of meetings 
wete held in the jarge manufacturing cities. These meetings proved such a success 

• that similar gatherings are now being arranged all over the country. As proof of 
th^jUterest taken, h need only be said that in those cases where a small fee bJ charged, 
factory employees are paying the fee themselves, and that the men, although tired 
after a hard day’s work, come tramping in from miles round to attend. So remilrk- 
able has Been the effect of giviiig proper instruction to those who burn fuel that the 
Admiralty has ordered special courses bf lectures to be given at depots where stoker 

* ratings are^rained for service on board H.M. ships. 

The blame for the unsatisfactory conditions that have so long been tolerated 
cannot be laid at the Soor of any particular‘person or group. The firemen quite^ 
justly say that they have ne>jer had the opportunity to learn, but have had to teach 
themiiblves, piqking up such rule-of-thumb.'methods as their seniors thought fit to 
tell thefn. On the other hand, those employees who are masters of tfieir ojrn craft, 
and are not* supposed to knpw anything about the scientific production of steam, 
defend themselves with equaf justice by saying that the number of skilled firemen 
is so absurdly small that the demand is emt of all proportion to the supply. 

Cdhsidcfuble cantroversy is going>on at present concerning a Smoke Abatement 
dU which the Government iias promised, through Lord Onalow, to introduce into 
the "House of Lords. Although such a Bill if. very necessary, because the damage 
wjought by smoke is immense, and has a most serioiw effect on the life of the people, 
especially in our large towns, it is absolutely imperative that the Bill should not 
impQsh further burdens on British industry in its already precarious condition. The 
crucial question will be thejnethod of punishing offenders. In this connection it 
seems futile to fine boiler plant owners for making smoke when neither they, nor 
their employees, kn»)W how to prevent itS formation. There would be jusl^as much 
sense in beating a dumb animal the day after it has committed an offence, \then it 
•doQS not und^tand why it is suddeifly being thrashe.d. The best way of tackling 
thi problem would, in the writer’s judgment, be ta require every mechanic who is 
iq charge of a toiler plant with an ev|ipor»tion not exceeding that of si^ Lancashire 
boilesfl, ol about 60,000 gounds'of steam per hour, to be in possession of a second- 
class certificate of competdhey issued by the Government. Every plant .of higher 
evaporation should be in chaiige of an fengineet l^lding a first-class certificate. 

I, The conditions under ^hich’ such certificates would Be issued might require the 
applicant ^ prove that he is a fit and proper person to take chargB ofjtf boiler pla&U 
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and tliafrhe has had at kast five years'* experienre in the ease of !^ji'applicant for a 
second-class (rertificatc, and sevcyi years iij the case of a first-class certificate, such 
expcrieuc(^to l>c ghiited, whilst atlendms to boilers 

A firm vvihitm^ the law anil jioljutinj; tlie titmosjihero with black smoke would be 
first v\arned by,the authorities. liitlieeaseMf a second otfence, it would b<; cautioned, 
and should the olTeiiee be jierinitted a tliird time, a fine woiilil be imposed on the 
firm, and the certificate of the met hamc or cnfiinccr, as the ca(ie piififit be, endorsed, 
A man wlio Jpid had liis certificate endorsed would not ea.sily find era]iloymeut 
elsewhere, and such regulations would therelore make him '.dj the more careful. 

If may be argued that it is the fireman who is the |»‘r.son responuble, and not 
the mechanic oi the engineer, and this is literally true, but if'li fireman knows that 
the jiersoii fti charge takes a keen inlerest m the wav in which he works his fires, and 
if there is iio'e.xciise for making smoke, bccau.se the fireiiia i has been'talight^jow 
to acoid so doing, lie will realize that if the firm is lined, and the engineer or ineehanic 
has'his certificate cnilorsed, there will be radic.d changes, aITeetmg.himself, m the 
boiler-house staff < „ 

Fuel will be biiiiil econoinicallv only by iiwn who have been mstriicled how this 
can be done. So verv few firemen underst ind flieir work that courses of iilstruction 
are evidenllv the fiist step towaids sohmg file probh'ins of melficiency a'lid smoke 
abatement. It must be cleaily iindelstood that if a fireman works his furnace in 
such a maimer that the fuel i.s‘pro]ieily burnt, there will be no black smoke. To 
legislate agam.st the smoke iiiiis.mce, without, jiroxidiiig lor the necessary edin-afion 
of the fircinen,''is simply jaittmg the cart before the horse. 

,.In the colonies, it may be mentioned, the regulations in force reipiirp that every 
man who is m charge ol inaclimeiy shall be m posse,swioii of a ceihiticate issued by 
the State authorities. > . 

One other jioiiit requires consider,itnin in this connection vn;, the inipos,sdnlit.y 
of preceiitmg smoke eitirelv on some jilants because of faulty design Coiiditioiia 
may be so bad that even skilled firing cannot a\oitl the lormation of smoke. It is 
obviou.slv unfair to jnim.sli an engineer or a niechamc who has to Uork a “ wre(;k 
of a lioiler plant,” the owner of which fervently hopes that it will holil together for 
yet another ijav. These plants are, of course, m the minority, and the ownerji are 
the only persons who ought to be ]iumstie(b,for workiiif!; ]ihints which are a nuisance 
and a danger to all who live near or work about them. It .should not be beyond the 
power of,.parliamentary diaiightsmcn to ftirmulafc legislation which will strike at 
this class of owner withouf injuring others who are doing their level be.st to work 
their boilers properly. ' ' ' . , 

Lest it should be sui)|iosed.,tliat industrial boilers are responsible for all tfiic 
' smoke, reference must be made, before loivmg the subjeyt of smokeinbatemeiit, to 
the iron and steel industry, and to domestic cliimneys, ‘ , 

Conditions m the iron and .steyl industry are totally different from those in any 
other branch of production, and althtnigh the fundament al laws of combustion held 
good in thus case as elsewhere, t/ie processes are often of sil(;)i a^ character that 
ideal conditions, from the point of view„of the smoke abatement entbasiast, are 
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very hard to obfkip in practice without iindu^ sacrifice of the*(j[uality of the fisultii^ 
metal. Any'modifications that may becpme necessary to meet jjhe aequirements 
of new legmation will doubtless be introduced with the alacrity fin’d iii^em^y which 
characterize the members of this very ancient imliistry. t • 

There rqpiains the problem of domestic smoke abatement. As ij is out of the 
question to odueate the lay mind to overcome the dilficulty of preventing smoke 
W’hen burning raw ^.oqj in the primitive grates thfit are fitted in most houses, the 
only alternative is to supply fuel which cannot produfe smoke- viz* coke. The 
ingredicJttts necessary for making smoke liave been removed from coke during its 
manufacture, and it may tjierefore safely be entrusted to the ordinary-tperson for 
burning. > , 

. Closely associated with the burning of coke Ls the whole question df national 
economy, anfi the preservation of our coalfields. On account of itk excellence 
Britisli coal is used’all over the world, and there are few railways, especially on the 
Continent of Eiyope, whic^i are not dependent in some degree on the regular supply 
from this eountry. Evep during the present industrial crisis, which is not limited 
to a few countries, but is felt everywhere, the export of British coal continues in 
vast quantities. This shows that, whatever may happen. Great Britain can be 
stire of a certain export trade this respect, and the supplies of best coal must be 
jealously guarded, so that they may for manj’* years to come form the basis of an ^ 
advantageous foreign trade. All such fuel --other lhan what Ls exported—as is 
suitabk for gas making must l^e subjected tft preliminary treatment—for example, 
low-temperature carbonization or coking such as takes place in modeVn gi^works 
The valuable.by-products will help to lesson the extent to which British industries 
are d^endent on foreign souregs for mineral oils, artificial manure, tar, etc., and 
the cojee will all betsonsumed for industrial and domestic j)urposes. 

Small fuel, in large variety, will (gmtinue to be burnt under industrial boilers, 
"either in specially designed Iiand-flred furnaces and on mcdhanical stokers as is 
• customary at the present time, or in jjulverizcd form, or after its conversion into 
pr<)(iucer gas. • 

While on the subject of conserving the deposits ot coal, it is of interest to know 
that this is already taking place on a sm; il scale, in so far as colliery ownersj:epre8ent 
the class of industrialists most interested^n fuel economy and the scientific control 
of boiler plants. The wholesafe waste that goes on to-day will not be tolerated much 
longer, and the parti^ modificafion of rawtoal before it is consumed under industrial 
boilefs is one of the problems which will have to be solved. A modified fuel which 
has been given the*nam» of “ coalite,”^nd w'hich consists of coal from which*some 
of lAe by-products have been extracted, is already oq the market, but the modified 
fuel industry i« as yet in its infancy. Itfuch research and experim^t will be 
neccssj*y before a hard, smokeleSs fua of this character can be made available at 
a low price. • * , 

It seems fairly evident that when the large factory owners who set the price of 
jommodities have re^lfeed the saving to be obtained by riftming their power plants 
m a moderiPsystem of seientific control, t^je owners of all boiler pfenta* engaged in 
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the saihe industries wiB have to consider the same qu^tion. Otherwise they will 
be unable to ofl«r their manufactured articles at competitive prices. 

Happily there'iu'e s'gns that both the daily and the technical press are beginning 
to see that’the tif le is ripe for instituting a hew standard of efficiency. Such well- 
known journa's as Engineering, Th^ Collifry Gmriian, The Ekdrieal fleview, and 
The Engineer, all of which are interested in the developments which 'take place in 
the enormous field known as engineering, neyer fail to kcep^thpir readers informed 
about the very latest progress m fuel economy, whilst such journals as The Fuel 
Economy Beview and The Poirer User devote the greater pUrt of their spaed to this 
all-important subject. The Times and The Thily Telegraph already print articles 
by the leading authorities on fuel eeonomy, because they reatize that it is not only 
the technical engineer who is interested, but the public iii general. 

In a'sense it is the interest shown by the daily press whtjh is most iSgnificant for 
the future. The city magnate has no time to study technical journals, but a leading 
arficle in his morning'jiaper will jirobably arouse him to the extent of causing 
enquiries to he made about the eflieieiiey of jiowe' jilants working in faetories in 
which he is interested. Various classes of'peojile need educating m this matter, 
and noteworthy inijirovimient can only ’>e, hoped for when the jirolilym of smoke 
abatement is taken iiji on every side, one section (if the comimmity goading on 
^ another, until eonditioiis jirevail wliieli are more in keepilig with the advance of 
civilization. 


The, design of boilers has clianged very little during the last few years, but there 
if every indication that considetable developments may be expected in the future. 
Boilers working at 1,000 jioiinds pressure jier sipiai'i' inch arc iiov/ being derigiied, 
and great strides have been made with pi.herized fuel. It is impossible to say how 
far such new apparatus will affect industry "s a whole, because it is qne Kling to 
build a special plant'ind operate it through a Highly trained staff, and anotheisto 
introduce unfamiliar machinery in jilace of ajiparatiis that has .stood the test of jiears. 

The use of pulverized fuel has made rajiid jirogress in Ameriea. and there seems 
no reason whv it .should not be tried m this eountrv There are British firms which 


can niakf! the apjiaratiis reijiiircd, and there are iiieii who can adapt themselves to 
new conditions, just as hajijiened when Waffs first had to be found to run steam 
turbines and Diesel engines. 

For^the next few years, however, iiidtlstry will be supplied-with .steam from the 
existing boiler hoiuses, and little change need be anticipated in the boiler house 
attached to the average factory. It is by more economical W'orking of this muclv 
despised plant that the productive elHeiency of faetories is going to be greatly 
improved in the coming days. Home v as not built in a day, and the boiler houses 
of Great Britain cannot be reorganized with a flourish of the pen, but hard work, 
constant application, and an iron will to pull the busiaess of steam production out 
of the rut in which it has stuck for'many years will, slowly bring about a change. 
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task also will taka time. Certain immediate imptovements in power production* 
will be detymined upon, and a.few employees will^be given tlje ;4s^oiisibility for- 
putting these into effect and seeing that the new standards 6f efficiency^;^e main- 
tamed. A start once made, the circumstances (M each plant will determine the 
future develepment of the scheme. In tffe couise of time there will gfow up a fully 
equipped department employing the necessary specialists to supervise not only the 
production of power* bat its utilization throughout the factory. Thus, in>addition 
to the boiler specialist, there may be an electrician who*will be responlible for the 
electrical power from the*generating station to the apparatus in which it is used; a 
mechanical expert who will havu unHer his care all the engines, turBines, and 
mechanical applia^jces; and a chemist In charge of the laboratory. ^ 

• Factory owners experimenting in this direction will be wise not,to acquire 
forth^th a large stqck oj complicated instrumerits which by their, mere presence in 
the boiler house may creatp a false impression of efficiency. ,As was pointed out jn 
1 an earlier chaptor, such instniments are only of service when there is a competent 
and well-or|anized staff available to see that they are kept in good working order, 
and to tabulate and analyze the readings obtained. It may, however, not be amiss 
at this point %gain to draw attention to th(? remarkable progress that is being made 
in the production of recording instruments as^ distinct from those which merely 
indicate conditions. Wh’enever there Ls a choice, pre^prence should be given to the 
recording type. 

* • • • 

Eoom’must be found in this cx)ncluding chapter for reference to a few*of the 
very latest develppments in a^aratus designed to promote economy and efficieno/ 
in power production. Such machinery is shown in figs. 246 and 247. 

The- study of the* efficient utilisation of low-grade fuels has not been confined 
to shore? praqtice. Various firms liavO endeavoured from time to time to perfect 
a mfechanical stoker for use on board ship. As mentioned in CEapter I., the marine 
%ngineer is called upon to burn fuels of a widely differing character, and as mechanical 
stokars are generally designed to burn a certain cl^ss of fuel, the adoption of 
mechanical stokers on board ship presents some^iovel problems. Chief among these 
is" the setting of the brick arches which play a very important part in the dcenomical 
utilization of the fuel. A stoke; which hai**no arches, therefore, seems to lend itself 
to marine work, and the illustr|itions show a complete mechanical coal-handling 
plant supplying fuel t# the Brith:Roe self-cleaning underfeed stokers with aJbliless 
furnaces working under water-tube boilers. The problem of mechanical staking 
as.ap{)iied to majjne work "has not yet been completely solved, but for large shipping 
comj!&nies working their own coalmines, especially where these yield coal of a poor 
''qur.4ty,'tl!ii8 queetion is full of in|erest, for Oriental stokers will not always work 
for the ifagBs they are williug to accept to-day. 

Of quite a different charaAer is the Howden-Ljimgstrom Patent Ait Preheater, 
illustAted in fig. 248. • ‘ * i ^ 

^ The purpose of Jihe»air pteheafer is to utilize the heat of escapii^ flue gases to 
preheat the a9 supplied tef the fires. Metal*plate surfaces are carried by rotationr 
■ * ‘ * ^ 21 
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alternately into flie> currents of waste gases aifd of cold air. “The theory is t!iat in 
one part of jjhe apparatus the ga^es give up their hes(fc to the plates,^and»in another 
part the plates give up to the air the heat absorbed from the gases. *, J 

This apparatus has been invented to’meet the heeds of plants i* whicfTsteam is 
' generated attextremely high pressures. For rcfyions already fully discussed, much 
uneasiness is ffllt concerning the po^ible behaviour of steel economizers under such 
conditions, and cast-kom apparatus is out of the question. It has thcrefor^become 
the.practice to bleed the turbines for the purpose of heating the fecd«watcr, and 
‘the question has arisen, ^Vhat use can be made of the heat in the flue gases formerly 
employed in th# economizer*?^ The ail preheater is the only answer yelr evolved. 
It is‘still in the experimental stage, ahd its records of performance under actual 
Working conditions in Brkish industrial plants arc yet to make. 

’ I 



The Gordon-Lassen Patent Venetian Blind Damper, illustrate.d in figs. 24J and 
250, ist)ne of the last words in damper construction. 

It consists of a hhavy framework buift into the brickwork and finished off tfush 
with t^ie top of tffe flue. There is no leakage of cold aij into the flue, the regulation 
'being carried out^y means of a vertical rod aljout 1 inch in diameter passing through 
and fitting ailmost flush with a hoW drilled in the top of the framework. Inside the 
frame a number of movable (»8t-iroft shutters or blinds are arranged, and are of 
such a construction that they do not warp or twjst even in high temperatures. 

“ Effect oLFced* \V?iter lAstting on Plant Economy," Journ. Am. Sm. .Jfeek Eng.. 
July, 1933. * * ■ 

• < 
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The position of the shutters is regulated by means pf a vertical control rod, so that 
the dampeV call, instantly be adjusted lO any pbsition required. The damper is 
balance'fl^in-such a manner that the operating power required is practically neglig¬ 
ible • about .1 piimd will move t'lie damper. It i.s made„for hand control, automatic 
control by steam pressure, oi distai t confrol by electric motor, and it may be cither 
vertical or horizontal. 

Fig. 250 shows how steam j)res.surc is used for regulating the po.sition of the 
damper shi'.tters in such ,i manner as to keep the steam [»res.sure constant. .The 
steam-pressure tyjic consists of a diaphragm, on one side of which water is acting' 
under pr&sure from the sleam main, on the other side, the head o'l mercury corre¬ 
sponds to the pressure reiinired for the steam'. As the diaiihragm moves up or down 



Tin. 2411.— (Ioiumis-Lassks UoBizosfAi. Damiv.ii. coMriCTs with Hsori.ATon. 


a leviT arrangement actuates the dairifier rod, and in thus ivay a perfectly steady 
steam pressure is maintained without constant regiihation of the dampers by hand. 

In view of the stress laid by the authbr upon the eitrem8 importance of mjss 
and disposition of brickwork in marine boilers,* particular interest attaches to two 
inventions lately made by Mr. Andars Strommen of Trondhjem.’’* One'of these’’ 
inventions consists in mounting an auxiliary firelsridgc at a certain distance in front 
of the old firebridge, covering the part of tfic grate between the firebridges with 
brickwork or sheet metal, and sftpplyiiig combustion air in an upwardly directed 

r a c 

‘ The flow of (tasee in Furnacee, Oroume Oryimailo, with Appendix by A, P. Williams. 

^ • ifontieaniiiBsei'ing, New York, Aagi, 1D23. ' „ 
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current through* openings !n a horizontal coffering plate extending rearwards from 
the top of the old firebridge. The other (insists in,mounting the (frehiidge a con¬ 
siderable distance in front of the rear end of the furnace, wh^eby*th6.gratf surface 
is shortened and at the same time the fear part af the furnace is^artlaH^ shut off 
by means o^a baffle wall extending downwards from the top of the furnace shell to 
within a certain distance of the bottom thereof, by which means the combustion 
products are deflect^ downwards before leaving the furnace. Very large economies 
ar^ claimed in experimental tests with the new devices. ^ , 

ProfSssor W. A. Bon6 is responsible for the invention of a .surface combustion 
method of utUking producer gas |or heating boilers. Tubes filled with^refractory 
material run through the boilers designed for working ^ 
on this system, and an* explosive mixture of gas and 
air 4 ^ fed to these at a^te greater than that at which 
explosion travels "backwards in the mixture. The 
mixture impinging upon an incandescent surface 
generates ^ large amounj of heat without flame. This 
heat is transferred by radiation to •the water sur¬ 
rounding fbc Jiubes. The tubes used arc «about 3 feet 
long, and*it is claimed tha*, notwithstanding the 
intense heat developed ’Within the tubes, thg tempera¬ 
ture of the exit gases is 
only ahbut 200° f!. Over 
92 per 'cent, 'of the 
calorific value of the fuel 
is stated to be .utilized 
for .heating purpbses. 

Existing borers .cajinot 
b» 'adapted to the neiv 
•process, and it is as yet 
too.early to estifhate its 
possibilities of usefulness 
under, normal working 
conditions. 

In his final paragraph ’ ^ 

the author wishes to re-emplfasize the‘social significance of the meth|>ds of 
control which have been advocated in the preceding pages. Firstly, therf, he 
is, copivinced that Ihe itniversal appIi*!ation of scientific management to steam 
production would effect substantial reductions in ipanufacturing costs, and thus 
‘ assist the revival of trade. Secondly, thj systematic allocation and utilization 
of vari#na grades of coal for the ^urpofes to which they are best suited would have 
jieneficial results of a far-rosching'character. Much of the best coal would be 
reserted for profitable export^ By-products Vlych are now wasted would be 
^^xtracted from co^l, »fld the colee remaining aftef the volatile products had been 
^removed wouJi be extensively used in industry and the home, wlieru «aw coal is 
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now tonsuraecl. By^utilizing the b'/-pro<luct» of her'coal, Gjreht Britain would 
become ppictitally Hcl£-supp(trting m ‘■he vitally important matters of oil and 
fertilize,'' aupdieh, 'and would at the same time make an end of the smoke nuisance, 
which has hitheiY'o had siich injup.ous clfectA upon the health of British town dwellers. 
There would, still remain a large (juantity of low-grade coal, but this could he burnt 
efficiently by means ot mechanical stokers, or in imlverized form, for which 
reasons it is not unfair to clailn that the (j.’cponeiil of scic.ntjfic. methods of boiler 
management does not simplv' perform a teclinical service in industry, but engages 
in an educational activity fraught with im|«>rtant cons('(pienccs, both ii'niiiediatc 
and remote, to the welfare of tlie British jicoplc.^ • 



Acidity * • 

in boiler water, 124, ia(i, 253. 270, 295 
Air. Sec also /1/r. • • 

•and combustion, 17, 21-20, 29, 70. * 

• and corrosion, 87. * 

ft® raw material in RteuA ])roduction, 
eUminatioJi of, from fccA water, 134. 

•■l.i»cration of, whea misirir a(eam, 41. 42. 
preheating of, ($8, 321, 323. 

(quantity to bum hydrogoft, 24. 
regulation of Supply to furnace, 58. 

“ seconflary *' supply of^^O, 58. 
supply of, in oil-buming systems, 35, 30. ^ 
woighj^of, to consume a pound of coal, 24. 
Air Injaciion JhirncrH. See Burnv.rft. 

Air Leaks « ^ 

and chimney efficiency, 00, 01, 279. 

around darnpevs, 277. • * • , 

around inspection doors, 278. 

dealt with by induced draughty 72, 70. 

defection of, 74. 

dne ^ inefficient hand-firing. 45. 

eliminated b^stcel casing, 245. 

* eliminated with marine boilers with forced 

draught, 260,207. • 

fitting of, 74« • • 

economizer chaOibor, 282, 283. 
lo^ likely w’lth alternate side-Hrinjf, 40. 
mmimizfid "'itH In^lanced drausht, 71. « 
j.. through brickwork. 200, 239, ‘J40. 24*. 

with long grates, 251. 

Air VreheaUrs 

^ efficiency of, W. 

in power stations, 11. • 

recent inventions, 321, ,323. 
witti water-tube boilers, 08, 130. 

Air Spaces 

‘between firebars, 52, 59. 229, 230, 231. • 

Alarm Floats • • 

• corrosion of, 202. « 

description of, 222* * a 

ttiigh and low water, 202. * • 

Alkalinity 

in boiler water, ^14, 258, 295. • 

Al'imina 9 

in oil eliminators, 131. 
in Vjjgrter-Bof^ning plant, KUl. 

Ammonia^ ^ < 

laTa by-product of coal, 29. 
salts, danger of, in boilerVater, 253^ 
Anthracite. See also Coal. 

• calorific value of, 16. • 

firemerfand, 17. • * 

AreheSt Brick • 

coking, SS, '56, 247, 248» 

• oolla]^ of^lSl. * 
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Arches, Brick —Continued; 
construction of, 248, 240. 
internal deflecting, 56, 250. 
over inspection doors, 248. 
setting of, with weehanical stokers, 8. 
stoker, 248. * * • 

Asbestos ^ 

as insulating anaterial with •water-tube 
laoilciTj, 245. • * 

for lagging buib?rs, 219. ^ 

for lagging pipes, 302, 304. 
for parking cocks, 224. 
packing for stop-valve spindles, 208. 

I'opc around eleaning dooi’s, 278. 
rope anaund mud drums, 247. 
rojac for Hue walls, 280. 
rojaa in Milner TTurd system, 240, 242, 246 
• rojae with seating blocks, 238. 

• tajae jgint« fur insiaeciion doors, 278. 

Ash " 

• around blow'-downa pi))9»s, 143. 

, ascertainment of quantity in fuel, 181. 
bi'eaker, 120. * 

choking openings in grate, 19. • 

cost of carting away, 4, 31. • 

handling of, 115-123. 
in bituminous coal, 18. 
in low-grade fuels, 48, 52. 
method of removing by hand, 117. 
pn)te<?tmg firebars from great beat, 231. 
iximovnl of, whet cleaning boilers, 196, 255. 
ti'catment of, in reclamation plants, 123. 
tunnels, 120. 

with nicchanical stokers, 49, 115,120, 256. 

Ashpit 

• plates fitted to, 63. 

when oil fuel is used, 211. , 

..1«A Plate 

for use w'hen cleaning fires, 117, 118. 

Ash IVherlcr 

and fuel reclamation plant, 156. 
duties of, 117, 165,156. f 

hours of work, 152, 153. * 

.d«a*«7iary Appliances. See also Fan^ Pumps, 
Steam Jets, etc. 
steam consumption of, 8. 
variety of, 13. 

Back Draught * 

causes and methods of ])rcvei'tion, 63. 
fatel accident due to, 03. 

Bf^e. Arrangements 

^d superh^ters, 281. 

^portance of, 79. 
inspection of, 248. . ^ 

results of neglect of, 79. * * • 
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Bagasse * 

its vne as fuel, 16, 68. < ^ 

Balaneed Bravgki 

and mecha'iicaliitokers, 70, 71. 
doscnbed, 6ii 

* dmugntci^AUf'es with, lb7. 
essential with ccrViin fuels, liK. 

Battled Fires 

accumuiatiom of earbnn monoxide nitli,f277. 
losses occasioned through, K. 
manipulation of dampers with, 63, 330. 
raising nteam after, 4u. 

Bearviga Sw Lubriealton, apd (hi O'niters 
adjustment of, 376, 377 
Beaumd 

degrees itlatinl to Tuitddell st.ile. 176, 170. 
BtiumiHOMsCoal Sec aWiCoid 
and distillation of tai, Ki't 
eon8titue».ts of, 17,1 
fiiemen and. 17 , 

Blast Furnaera 

as soum' of waste gases, 3S 
Bloff’Dou'ti Vipes 
coirosioii of, 238. 
exeetwne iigidity 4»f. 143 
Blow-Dou’ii I nlivs 
cleaning of. 362 
dancer of leaving open, 337. 
design of. 337 

installation of. on ships 337. 
on Lancashiie hoih'is, 143 
^ on 8eot(h nmi me Ik)i!c-is. 43 
pitting aronml. l!)K 

Botlera See also <'ii6htan. ConnJ/. iMiirnt^hin 
Loeimotire^ Scoteh Marine, 

Stirling, \ 'crlintl, and W nter-Tiibt /'oihit 
auxilniry, with fuel oil -ynterns, 37, 

( hlowing-down of, lo7 
effeets of lajud cooling. 10.7 
empfMng, 193. 194. l9.> 
c.xeelleneeof Ihitisii, 7. 
expansion of. 341 
lluetualuig loads on, 147 
galvanizing tiilies in, 87* 
housing of. 3.75 
internal ('leaning. 193 
load iiiduatois on. 17,3.174 
nairow.fluiHl, 64 

performanco of. tindei (atalogiK' and a(*tii<»l 
conditions, 1.7 

procedure when cleaning, 19.1 el mij 
procedure wlien *’ lajing up.” 3.73-3.71) 
protection against flooding. 3:76 
special, for o\jH-nmental pnijsises. 184 
suifnct eomhuslion type. >135 
types of, 9 

“waste heat.” 37, 38. 

Boiler Fluids 

objections to, 197 
Boiler Houses 

choice of site for, 1.1. 
construction of, 310, .1I3 
iniportAncc of eleivniineas m, 118, 313 
lighting of, 226. 234. .113 
ventilation of, 312, 314 
Boiler Plant ( 

as a productive department. 5, 6 
attitude of faoto^ management tow’ards, 4 


Golfer Pfftnf—Continued' 

compHcations due to growth of, 14, 15 
Inyout^and efficiency of. 13. 
n^ 0 ^ soientiHc control in, 4, 5, 
steam consumption of, 8. 

' Beihr Jlefuse Soo also ^IsA. 

I accounts to bo kept of, 163. 

analysis of, 156 i 

inspection of. 1.56. 
leiiioval of, 120, 121. 
signifieanee of terip, 121 
. ' tivatment in reclamation plants, 123 

llo4ler Selling Hor aim Seating. * 

must lie done hy specialists. 1.5, 246 
! Bolts 

iiihl>''etKm o.*, in vvater-luhe boilers, 212. 
on manhole dooTs, diameter.^ and |>crinisf ible 
loads, 43 

Brru'crus t 

(oai biiuit in, lr.3 ' 

llmlnatmg l<'a(r-> in. K7. 

Bn els 

gla/ed, 346 

(Jleiiboig. 347 

in hac'' and ■'idg walls. 347 

III walls of walei-lube lioilejs, 246 

maniifactuied fioni boiler lefuse, J23. 

non])an*il, 347 

Nilna, unsuited foi stjpothed.ter(himlK*i. 283. 
special, foi eiiived flues. 381 
.special inteiloi'king, 346. 

Bnektnuk See also \rrhis, Bothr Setting, 
Fotindi'hons, If alls 
.and (omnustion of volatile gasoR, 26 ^ 
ajound mild drums, 34" ‘ 

<it l)nck of Wilei, 341, 343: 

('tacks 111 bodet. 61 . • 

damp, .ilia (oiiosioii, 330, Jr.l6, 238, 355 
inteiii..J.'316 * , 

latent heat of, 49 ' . • 

leaky, 306, 239.341, 34.7 , 

« V er side Hues. 341, 3-*f» • 

to f»e lemoved lor inspection of Isrilei, llMf* 
313 

to Ik* wanned up before stalling now bffiler, 
281 • ■ * 
Brtgucitet, 

of blown coal, l(», 39, 30 
Brown ('end 

an ptehe.ded when ftuinmg. (58. 

,* cabnifie value of, 16 

impoitilnce of, 29 
mefiod of drving. 113 
mnistnie in, 29, 113 m 
Brushes See H’lre Brusins, 

Bunkers 

brick, parallel with bontis. 106 
cleaning of, 30!) * 

eonstruetion of. 309, .110 
eorrosion of steel. 309 ^ 

'* '|cteiia;ation of, 308 " 

• division inl(j sections, 109 

for bshes, 131 

1 layout and shape, 10.5 

Icvollmg ot, IU6. 1,54 
overhead. 49. .53. lOJ, U3. 309 
aei)arate for c al nnd'coke, 109. 
ventilation'of, 3''0. ‘ 
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netera ‘ . 

r testing |uel9,23, 17W79- 
rfaoo condons*r. 188. \ 
re-drawinir. 186. ^ * 


^Burners 

air injection, 32. * 

Bunsen^ for waste gas, 38. 

, mechaniSbl, 32. * 

operation of, in fuel oil system, 36. 
steam injection, 32. ■ ' 

> 

Calorifie Valtha 

how determined, 18,10,23,179,184. 
of carbon, 18. • 

of coal, 16, 18, 10,80». • 

of " coalite,” 29. 

* of hydrogen, 19. , 

of live gas from coking^vens, 38. 

of oil fuel, 3]| , • 

of sulphur, 19. * 

*of various solid fuels, 16. ^ 

CoRiTtffhCtCfS ^ 

for 

•si^a-^ 

wire-drawing, 186. 

Carbon * 

caloriho value of, 18. 
fixed. Ilk 18, 181. 
ignition point of, 21. • * 

in coal, 17,19. * 

in foriAce gases, 21. 
in solid fntA, 16. 181. 

Carbon DwXde * 

and corrosion, 253. * • , 

formation of, ifi, 21, 26, 27. 
forming blanket round fuel, 24. 
in i^e gases, 18,25,26, 28,29, 75,183. 

poi^nbigcs oldainable with different fuels, 
27.* 

relation of air-supply to, 22. 

* steam jeis%n(j, 64. • 

temperature of formation of, 22* ^ 

Carbon JUoride fftcordeii 

types of, 168-173. • 

use to ascertaining efiieien< y, 28. 

Cat^n Monottde * .• 

• * as fuel, 37, 38. 

explosions due to, 277. 
fomation of, 22, 24. 

•in flue gases, 2.5, 75, 183. >. 

steam jets and, 64, 
temj^rature of formation of, 22. 

Caiionie Acid 

in food water, 129. 

Carts. See also Wagoua. . 

conveying fuel, importance of weighing, 
• 102. • ' 
Caulkifg ' , 

importance of proper work, 200, 201. 
position of tools, 2P1. < ,, 

. use of pneum^ic tools for, 201. 

Cautjie Soda 

in boiler fluids, 197. 
in treeftment dIPfeed water, 129. 

Cdlinai^te Slaba *' 

for oafllmg arrangements, 248. , 

Jjtment 

u«e of pulverized fuel in making, 114. • 

Chain Orate Stoker. See Meehanieol Stoker, 
Charcoal . . , * 

calorifie vaiae of, IB. . 

I use of, when laying up boilers, 253. 


Comical Worka ^ • 

and contamination of fcgl water. 237. 
coating of steel boiling Ipparatus in, 87. 


apparatus at bast of, 65. • ‘ 

cowosion of, 284. • ^ 

deflectors in base of, 281. 
discharge of exhaust st&m«intu, 283. 
efficiency of, 60, 61. 
heaianeeded to create draught in, 75. 
height of, and temiicrature of fliif gases, 60. 
height of, with forced or induced draught, 
74.284. 

lining of steel, 284. 
proper construction pf, 283. ^ 

slight haze over, 25,40. 
steel, instead of liriek, 74, 284. 
siibsidenee^ff 238. * * 

Cimtlar, Xalional , 

descrii)tion of, 83, 84. ^ * 

Cleanitig Fires. See also Fires. 
method of, 115,^16.117, 155. 
rouline of, llfl, 153. 
suitable times for, 152. 

Clinker. See also Ash. 

fused, clogging grate, 232, 233. 
hot, forming corrosive* fumes, 118. 

Coal. See also Fneh Pulverized Fuel. 

air required to consume a pound of, 24. 
lanalysis of, 27, 28, 2D, 46. 

* and co|je burnt together, 109. j 

as a source of power for British industry, 4. 

^ “ best nuts ” on meehaiiical stokers, 231. 

I bituminous, 17, 18. . 

\ * British, 16.19. 310, 320. 

I by-products of, 7,319. 

! ealorihe values of, 16, 18.19, 20, 21. > 

cuiapared with oil as fuel for ships 31-32. 
export of, 320. 

^ filing of different kinds, 17. 

I futureiiscof, 319,320. 

i loss of ealoiifie value during storage, 309. 

! mixing of. 100. ^ 

prices of, 7. 

i proper storage of, 309-311. 

spontaneous combustion of, 309-311. 

; treatmAit in coke ovens, 38. 

..unloading from trucks, 103,105. 
various kinds used aboard ship^ 8. 

“ watering ” of, 103. * 

" weathering ” of, 309, 311. 
with high sulphur content, 311. 

Coal Meter. See also WeAghing Machines. 

description of, 107, 108. ^ ^ 

“ Coalite " 

description of, 29, 310. * 

Cochran. Hoihr 

adapted for use with waste gas, 12, 38. 

Cocks * 

o blow-down, 143, 227, 228, 262^ 
breaking handles of, 224. 

cheap and nasty,” 224. 
corro«ilon of, 200. * 
eSrain, fitted to superheaters, 79. 
dr^j nccessajiy to prevent water hammer, 

fitted to feed water heaters, 1^. 

• fitted to hot-well, 133. * 
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Cocks —Cbntiiiued r r 

m oil sejMimtor'*, 2J)2 
in 271 , 

jiroccduK’ when roiia'rinji, UH> 
pcrcwrdj 20(i‘, 224 
try. 15?“ , 

two-w.'ij, use of, hIicii wciglmi^ uatci, ’00 
Coke ■ •. 

jind coal i>n?n( to>;othci, 100 
<HloiifM' value of, 10 i. 

ease of^'j'ulatinjr air •'Upiplv. 24. lOO 
foi (loinchtie iiM*. iUO 
fiifuiv uac of, 14. 310 * 

leeovciy <►£, fnun hoilei lefusv, 123 
shtokc]('<^ coiiihia^tion of. 24, 2!I 100. 310 
('oU Ovem 

HH Koiinc of waste heat* 3K 
('oUmuf^ 

aiul Contamination of food wal< i. 237 
lecd-jhne a\Hteti)s in I4."> 
loulinc III. 14K. l.Vt 
„ line of exhaust sti'.iin III 133 
use of w<‘l fuel in, III 
('olltiHlnl Fntlft 

(leseiij)tion of, 3tl 
UM‘ in Swedi n, 31 
iiae on lamid bhi[i 31 
{'onihiif.tio» 

deliiK'd. IK 

iinpioved l>\ niei li.iiiKa) stnkeis 17. IS 
^)Nlntan(‘Olls. of loal. 300-311 
(liiv.i V i.f, 17. l«. IIP. ai, ;;:p ^p. •->5, :;pp 
ComlnislioH See aKo l/r//«s. UncC 

iiviL 

foi water-tube boileis, 21 22 
steaiJi jets in. 04 

econoinvof, 131 

leLitlon to feed-watei he.tteis, 131 

steam enymen anil. 131. 273 

f* 0 «IV //(M 

belt, foi fuel. 10,7. 112 
l>li<k(‘t. foi fuel. 10.5, Vi2 
endless eliaiii eh'Xatoi. loi fuel. Ill 
niei liatiieailink. foi fuel, KM 
oMull.llllllUt of. 30M 
steel link (onvi veis, for fuel, I If 
suetiou. toi ash, 120 
used m di.Mn>; luowii loal, 113 
water ttiuiKli, for ash, Kl. I2tt 
Core linU 

foipooxed Hatii'ed eiul plates. 20l,202 
Cornnh fioiltrs, 0 
dt*H(iCil>ed. 10 

Coiromo}( See also (irooi mg, Ciitnig 
tu'j and. 87 
atonu iiieimrH. 44i 
and la^inj; up of fauleis, 2.52 
and low-piessiire econonii/eis. 88 
and steel^tube econonnzeis, 87 s 

anti-eoiToaion fittings, 203 
lioilcr exploHionH due to, 103. 23ti 
rarbon dioxide and. 253. 254 
concealed by acale, 103. 100. 2tl0 s 
duo to aeiditx' of xvatei, K’ti, 270. 
due to damp brickwork, ^20, 231). 21^ 
due to galvanip action, 100, 27fl. 208 
duo to hot blinker fumes. 118 


Corrosion —roiituiuod ' 

due to leak> corks ancf xah'en. 224 
due t^ moistun* in dnat. 118 
duo to poor lagging. 143 
^ duo to salt watei in boilers, 170 
due t«i water not de-ueiated, 42. 137 
due to wet ashes, 220 
due to wet soot, 248 
tailuie of boiler-house joist,' due to, 224 
gaixani/ingand, 87 
III chinineya, 284* 
inspeitmn for. 10t>. 107. 202 
list of uuises (.*, 213 • 

of ashpit plates, 220 
of blow -di»v 11 jnpes. 228 
of Kias.s tittiiigiK 253 „ 

of e( oiiomi/er. 2ti2. 2t).? 2ti4 
of elei-trn flttiiL's in boihu houM', 22(i 
«»f tis'd x.ilM‘s,A.t;5 , 

of Hues, 2ltf I r ' * ‘ 

of liiirh and low w.itei alaim floats, 2ti2 
of pumps 27t' 
of suuik«‘ tulles, 205 ' 

olsti^xs, 2tM ' 

of slis'l in (onl biiiikeis, ,300 
i>f steelwork ui boilci house, 312 
of su|ietlu‘afei fiilies. 24.S. 257. 2.^. 2.50 
of sin laie fi'od he.iter. 208 * 

.pflulie^, 137, 208.213 
of water ptpr‘s,>lt3 

of werirhts <il dead-weigbt s.ifi'(\ \ahe, 221, 
222 

owgen'.^ind, 2.54 ^ 

paint as .i piotcsfixe agi.'tnst 2.5;5, 314 
i<‘(,u<led III /nil slabs, 2t.‘2. 203 
s(,il(*as jiiotec lion ,i<;.uiist. 100.213 
sfKs niK-k.-, oi. jn l.ibiiialotb,. \t>l 
'lo.iru >.-ls and, 7-5 . 

sulphur in eu.il an<l.tlO. 75,'2(3 
rottoN Uhll-^ 

. sti'aili jo.uls in. 147 * 

.'i-.hpil. 03. 220 
lailteilK tipe, t)3 ^ 

< oir 1KK (ion of, 277 

(.isinuof l)\-pass, with banked [ires. 200 

«as\ woiknig of, essential. 277 • 

isononii/f 1 . 82.200 ’ * 

uea 1 . 220 277 , 

‘ hnil/’oiifiil swuel tvpe. <i3 

llj std<‘ flues, leuiikitlon of. til ^ 

oieili.tiilmgof. 277^ 
palest. 277 • 

M-uuIntion fi<iiii fiont of Ixnlei. (>l. (>2, 03. 

,, 277 « • 

ximetian blind tjpe, J^2.3,1)24 
Mutieal (li-oj) type, 03 
warping <if, 277 
/V«m/ 

deamjition of. 137 *' ' 

De-(^iJi»g Appai^tus .See also Filter^ 
for condefiaeil uteani, 131, 275 
for exh.<UHt steam. 131,133, 207 • 

Hamnibs of de-oilcd eondcnHHti^ifquircd.’ 157. 
uonkey lloifti^^ • * ^ 

111 fat tnfie.s, ^2 * 

un fiouid ship, 12,124 
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Dovmtake Covers* ^ 
design of, 242. 

remov^ of, 240, 242. , • 

Drain Pipes. Sec also Cocks. 

and hot-well, 141. ^ 

and steam safety valves, 221, 222. 
fitted t^ superheater, 25^ » 

from economizer safety valve, 204. 

Draught. Seehlso Air, Dampers, Forced Draught, 
Induced Draught, Naiund Draugfd. 
and air supply reijuifed for eombustioii,*25. 

• balanced, 05. 

causes of inadequate, b5, 281. 
exhaust steam in chimney and, 283. 
faulty bricl^'ork and, 24G« * 

• for waste gas furnaces, 38, 40. * 

• hand control of, 58. • 

importance of, 15. \ 

increascdiby 8t<‘am jef^, 03. 

• 4ocal, created lij* jVts, f^. , 

soot at base of chimpey and. 283. 

Draught Gauges • 

for lancashife and wator-tubo l)oiloi*s, 107. 
with Uhhvnced draughtw73. ^ 
with induced draught, 73. 

Drill. S^e Core Drill. * 

Drums ^ 

olcanjpg'ftf, 212. 

steam and water in wat<‘r-tub? l>oi]ers, 11. 
Dulong's Formula • • » ^ 

how arrived at, 21. 

Dumping Pars 

Aid chain grate stoker. 40. 

Dust , S 

and corrosion, 118. 

« as a cau^ of leaky valves, 118, 300 

in bearingsa:)f mechanical striker gear. 230. 
♦educed by uAi of fuel conveyfrs, 112. 

^ fettling on boiloi* mountings, 118. ^ 

Dyeing * 

use of i|(eam in, % 

a:, . 

teonoimzers 

• butterdy danqiera in inspection passages of, 

^ 03,202. • 

eleaning of, 200, 201., • 

corrosion of, 202, 203, 204. 
defects in pipes, 2Gt), 201. 

•explanation of excessive saving c*ITccted by, 
74. • % 

faulty erection of. 204. • • 

• function of, 81, 259, 260. • 

high pressure, 81-27. * « 

• induced draught Iran in relation 4o, 72. • 

layout of, 282, 283. 

location of, 83,%7, 204. « 

• low proasuiD, 87. 88. 

• scale in, 260. 
stei^m in, ^0. 

steel tube, 86, 87, 136, 137, 26^ , • 

«tiporimpoBed, in power stations, 11 
temperature of gases after, paasing^through 
76. • 

temperature of w'ater entering. 83, 264. • 
tostjnS of, 185,2G3» « j 

tri-tulm horizoq^f, 85,13fi, 259. 

Economizer Chambers • • ^ 

• oondpn8ed.steam in, 204 


; fconomizer C/iomSytf—-Continued; • 

construction of, 82, 83^282. 

I ^ natiyal rock as side ^11 4(v>, 237. 
Efficiency. See also ^Atmiific Control. 
^mparative, l84, 185. » * 

ionnula» for, 184, 188. ^ 

• impaired by defective pumps, 93. 
t impaired by neglect tb clean flues, 240. 
increased by utilizing waste’gases, 88. 

! ol)4ainabIe in power units, 7. 

I of .steam jets, 04. ^ 

I percentage of fuel saved b,^ 70. 

I Eleetriml Power 
I in factories, 3, 4. 

I lack of uniformity in sii|>[)ly, 4. 

I records to be kejit of, 103. 

I Electricity Power Stations 
I ash hainUhils: in, 122. * 

! boiler load indicators in. 17J, 174. 

! costs of production in, 6. • 

j dc-oiliiig of exhaust^tcam in, ‘i75. 

(iuctiiating logds in, 147, 149. 
fuel handling in. 111, 113. 
importance of site, 13. 
management of, 9. 
measuring fuel in, l(t7. 
proper lubrication in, 273. 
raising cfliciency in, 7. 
steam pipes and valves in, 77 
• variety of coals Imriit in, 47. 
w’att^-tulie boilers in, U). 

“ Engineer—Chemist ” 
definition of, 5. • 

^ duties of, 0,9,27,28.43,46,73.103,112,113 
115, 110, 117, 14t>, 145, 140. 149, 150, 161 
152, 153, 156, 158, 161, 183, l1>5, 196, 199 
200, 212, 213, 214, 225, 220, 228, 231^34 
A 2.36, 237. 238, 245, 240, 248.‘249, 254, 256 
262, 206, 274, 278, 279, 280, 282, 283, 286 
288, 290, 299. 3t)9, 311. 
qualifications of, .5, 6, 13, 22,150 
Ethylene 

formation of, #1. 

F''aporafors 

for “ make-up ” feed wat<*r. 129, 130. 

Excess ^Ur 

admitted through open firedoors, 47, 116. 
• 116, 117. 

' effect of, on temperature o^fiiie gases, 22. 

I general wastefulness of, 20. • 

] loss reduced by induee<1 draught, 75. 

j necessary, to bum volatile pniduets, 25, 26. 

. E.rkanst Steam 

collection of, from engincH, 273 • 

; dc-oiling of, 131,275. * 

' discharged into chimney, 283. • 

for ci’cating dmught, 65. 
for heating feed water, 75, 83, 133, 134, 138, 
I 297,307. 

I liotw'ell for, 133. 

I w’aste of. 131. 

Expansion Pends 

bHween hlow'-tfown valve and main range, 
» 143, 227, 228. 

Jlstwcen economizers, 264. 
types of, 130. 

Expansion Hoops - * 

in furnaces, 199, 200. * 
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Expansion i/oope»—Continue^. ^ 

in Lancashire bnilor ^ues, 210 
Explosions , \ , 

at Distin^on, duo. tii failure of safet v valve, 
222 ‘ , 
boiler, lUl. ll)2 < 

duo tu b]ook(><l tubcii. 212 
due to cailHui iuojioxkIo jd tubcn, 277 r 
duo to coiFOKioii, liKb 2'li> 
duo to euirosioii of hu|)ei}ient(‘i tubes, 2oK 
due to d.**feotive auxihuiv ajijiaiivtus. 257 
duo to failure of htaya, 2(^4 
due to ineflinent rr|)un'H, 2<Hl 
due to tools. «‘tc , left on furnnee, 254 
<»f boiler atop xalves, 22bi Jlb5 
of steam pipes. 3bl 
Explosion liooTfi 

butteifly dampeis us, <>;j 

F<tctories ‘ 

haMii}; till'll o\Mi ji^tuer stations. 10 
jmiiortauce of site of powrj station. LI 
'l^o^^e^ piohleius of, 5. 4. 5. U7. 140, 150 
whi'n oil fuel is jin fei.iblc foi. Ill 
Fans Sci'also Foicid hntiujhf, Imhical Ihaiiyhl 
lompared with slr.un ji-ts. 235 
foreeildi.iut'lit..j)i|)]i<‘(l to water-fulM' boileis. 
«H. 272, 273 

foieed diHiiudil <m sliips. 00 
in ash (lispusal plant. 120 
indueed ihoui'lit. 15. 01 (j5. 272 

‘ ..f, 272, 273 

niotom for. 272, 273 
ponii reipiired to dine. 75 
Hteam eonsmiljition of. S 
Fi‘(l I'kcek' 1 ulvcn 

r blind fJaimes reipiutsl in eollieiies, 145. 
earn of. 225 
cloaisl at njohl, 2t>0 

ilanper of edii’Iess opemntt of. 145. 104. 
lilliii)' LiiiK'asluie boijeis thioinrh. 41 
foi nilet feed lanires. 120. 127 
si7e nnd lonstnntion ol 224, 225 
End 1‘ifns 

elosed svsti'ni, 11, 124. 120. 134 
drsiialulilv of tno independent lainn-s. 143, 
145 

inlet, 12(1 
seale in. 144 

systems ft'ldoni m du]»heate ashoie, 41. 92 
Ffcd Water Si-e al><o “ Malr,-l'p " Fad I( aier. 
Wnifr fiiip/dif. 
analysis of. 204 
de-aei»‘tion of, 137 
mt(^. 127, 203 
for Lancashire lioileis, 10, 124 
for loeomoti\e hoileis, 121 
for wnterdiibe boileis, 10, K7 
heated by exhaust steam, 75, S3, 133. 134, 
137, 138. 207, 307 
heaters, 133-135. 297, 298 
impurities in. 124, 125. 193, 237, 271. 293, 
297 ^ 

oil filters for, 131,290 
oil in, 91,200 ^ / 

preliminary heating of, 88 
temperature, when entering econonmer, 83, 
264 « " 


; JVei Wattr —Continued: * 

' temporature when supiMied to pumiM, 135, 

I' 136.* 

testingf, 294, 29.5, 206. 

I ^ treatment of, 124-138. 

weighing, for s})ecial testa. 09 
, Ji'ied-Wafer J/eaterh. Heaters 
! Filters. Soo also Jie-Oding Ap'/iarains, Oil 
I Separators. t 

■ eleahing of feed water, 293 
r I leaning of oil filter cl >th, 206 
for feed water, 127, 293 ^ 

foi oil m condem'd steam, 131, 204 
' for waste oil, 292 * 

Fiuv film Cleaning Fires. ^ 

I'xeeAsive tlnekn%ss of, 22. 

^‘.Yceshix e tbmness imdeijirable, 24 , 

loose, when burning coke, 29 
lesistanee of fuelljed to iiir, 2*1 
• thickness limited bydii|.U},ht available. 1,10, fl. 

lliiekiiess regVdaled, 30. 47, 49, 107 
tiuekness with induced diaught, 76 
Firrhiirs 

an spates hi'tween. .52, 59. 229, ^.30. 231 
blunt, 231 ’ 

' tuMosion alonL^ 46, 210 
dilTeiont foi mt'ebaniea] stoking '.ind liand 
liiing. .50 

m foTc ed draught system. (»7 
jns]A'( tion of. 22<l 
molten slag on, 117 
nn)\ing, 121 

scale tin, L.IO , 

ste.irii jets to pieieut o\ei4ieating, <14 
F mill irk „ 

as a lu'at receiver, 23 
foi hafliiiw aii.iimtnieiiN, *>48' 
ftii eokyvt auhtss, 247, 2-ls 
fill tiiebiJflges, 2.50 t ' 
for lif.mg flues, 280 
fur lining stt'el tliinincxs. 284 
. fill lining walls, 243, 245, 246 
in lut k walls and side walls, 247 
' jns| cf'tioii of, 24<i 

testing in lalsiTaltiiv. 1<U. 247 
tiles Cl fnmt of iinul (hum. 248 ' 

wt'iglit ami disposition aiouml grate, 22 
' Finhndgeii 

eonstruelion of. 249, 2.50, 251 
fumtron of, 2.)<i 

' jMitent, applied to Ijaiiensliitr Hoileis. 23,117. 
ii'cent inventions. 324, 325 
spilt bmlge. 58 
1 Fll dlHllS , 

guard for 220 

ojamtsl wJien ele-'iiing t ret, 11,5, 116 

lepaii of. 220. 

ring IiamUe.s for. 220. 

sliding or rotating shutter in, 58, 220. * 

L Finimn . ‘ 

! and boiler-lionso eonditions. 118, .*',12, '314. 

I anti eloaniiig fires, 116, 117, 152, 1.53, 155, 
156. 

. and eokinp methtnl, 44. 4.5 '• 

and diifUiont kindsnf coal, 17. 
and firetloors. .58, 22f 
and indiiecd diaught, 74 
and mochanical stokers, 152. 
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and smoke abat<ftnent, 317» 318. 
and sprinkling method, 45. i 

and stedbi jets, 235. * 

and use of split bridge, 58. 

British, and finicky apparatus, 20. * 

duties of, 163,154,314. • ^ 

hours of»work, 162,153. 
in collieries 168. 

leading, 153, 154,156, 158. * 

tact in dealing with, U6. « 

wastefulness of unskilled, 29. 

^ &50 also Mechanicdl^t(^crs, 

• alternate side>iiflng, 4^,53. 

auxiliary, fcf waste gas fui'yaocs, 38. • 

coking method, 44, 45, 49. * * 

importance of briskness, 58, 59. % 

insTOction of tcf>lH, 2.30L 
of different coals, 17. ^ 
prevailinginetliciQncy of. 44. 

' s{)rinklmg method, 45, 4l, 49. 

Flanges » 

blind,*6tted to pump valve chests, 89. 
blind, ^ colliery feed systems, 14.5. 
blind, insertion of, whod cleaning'feed pipes, 
145. , » 

bolt lAiles in, 300. 

covering fjjr, 304. ^ 

cracked pipe, 139, .301. ^ 

fitting noM^ to old, 301., ^ ^ 

furnace, groo'»dng of, 202, 210. * 

of drum*end plates, grooving of, 199. 
of steam pipes, 300. * 

Flnes^ • 

by-x^ass, witli^coonomizors, 83. 
cleaning of, 239,240,246,279. 

• coiT<M3ion»of^210. ^ 

(gimigated, 200. , 

ueflectors in, 279. ^ 

• (Kvided, when drying brown coal, H3. ' 

oiipansion hoops in, 210. ,, 

layout cd, 279. * 

• * lining of, 280. 

matural rock as side wall for, 237. 
rovorheating of, duo to air leaks, 74, 279. 

• protection against flooding, 256. • 
reorganization of, 280. 

X irof,210. 

idenco of, 238. 

Flue’ Covers I 

design of, ^9. , • 

on ^ncashire boiler, 243,245. 

* removal of, 240, 241. * 

^spocial, 241. * , • ^ 

Flue Gases 

analysis of, 185. * ^ 

« and cleaning of ^es, 239. 

. and economizers, 82, 83, 84, 85, 88, 246, 282, 

. 283. 

and*8uperheilter tubes, 80,^48, 281, 282. 
^ffling arrangements and, 248, Sdl, 2$*F, 
Sy-passing, 241,242. » , 

carbon dioxide and monoxide in, 18, 25, 26, 
» 28,62,183. 

cooling of, with induced draugSt, 75. 
corrosive aotio^ of^ 19, 76. ‘ * 

heat carried awa^ %, 75; ^ , 

■meaBuring temperature 3f, 167. 
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shqrt>circuiting of, 79, 248, 282. 
temiyraturo and velocity, 6(b 
uncousumed oxygC|i ia, 28. 20, 183. * 
u^ in drying teown ooaby 13. * 
lAed to heat air, 136.323. 

Ferried Draught * 

% applied to water-tube boilars, 68. 
cleaning of tubes, 206. 
clo|cd ashpit method, 66. 
closed stokehold method, 66« 
conditions of efficiency, 70. ^ 
fans for, 

How<len system. 06. 67. 
leaky brickwork ajid, 24."). ^ 

with closed stoker, 6S. 

Foundations , 

on clay soil, ^.36. '• 
subsidence of, 236, 311. 
vibration and, 237, 23H. ' 

walls and seating bl(4,‘ks, 238. ' 

Frost , , 

danger of laying bricks during, 245, 246. 
protection of steel from. 254, 255. 

Fvd, See also Coal, Coke, Oil, Pulverized Fuel. 
analysis of, 176-182. 
as raw material in steam production, 5. 
ascertainment of ash content of, 181. 
ascertainment of fixed carbon in, 181. 

.* ascertainment of moisture in, 180. 

* ascertainment of volatile matter in, 1^, 181^ 
bulky, requiring special methods of burning, 

, 30,56,57. ^ 

calorific values of, 16, 23,179,184. 

^ colloidal, 30. 

combustion of, 16-iO 
economy of, aboard ship, 8. 

Sioor storage c'ondcmned, 106. 
handling of, 102-114, 308-311. 
liquid, 16, 31-37. 
list of fuels, 16. 

measuring in bunkers, 106, 107. 
method of taking samples of, 154, 155. 
mixing of, 109. 
modified, 29. 
pulveriz^, 16. 113, 114. 

Bcpai^te accounts of, 102,163. 

• testing, witli experimental boiler, 184. 
transport of, 14. t 

treatment of, 113. '* 

unburnt, reclamation of, 122,123. 
uhburnt, waste of, 121. 
use of reserve supply, 103. 
vehicles transporting, 102,103. 
waste of, duo to leaky brickwork, 240, 241. 
weighing of, 102, 103, 107. * 

Fuel BiU 

includes cost of carting ash, 4, 31. 
incre^ of, through waste of steam on jeto, 
235. 

saving through increased efficiency, 76. 
Furnace. See ftlso Fires, jP»re6ar^ Orates, 
arshes, 248, 249.' 
s construction of, 22. . 

G^ugated,^00, 208. 
aeflootions of, 209, 210, 254. 
expansion hoops in, 1^, 2Qp. 
heating surface increased oil fuel, 2}1. > ^ 
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Furnace —^Tontinucd: . 

in oil tupl syBtcins, SS, 36; 37. 
inflpcction lor hfalo and jjreA^p. 268, 209, 
23U. ^ - 

Tcheatiitg, pu^tlhnj', HiuIrcKonoratn'e. 38. 
removal oy,> from mai itic l)«)iiei h, 2 lo. ' 
tcAtinft. for 8lia)>o. iOS, 210 
undivided and^ireldeBs. .H), 321. , 

(lallouaif Hoihru 

danjjer opemovinji < loss liil>ps fioin. 210. 
divlinjruiHheil from han«'iishiie tH”’’ 
(tuhanizvni ' 

of boiler tubr's, 87 

ordwmrv system not etirrvMoti-ptoof, 87 
nett inetli<xl of, 87 

(ins 

app»rafus/oi '.anipline. iOl 
a^ a l>y-i>ro<lii( t {>f e*s»l. 7. 319. 
piodiice. and (oun. as fnei. Hi. 319. 
supplied lo l.u foMe.s 3 
^vasle, 12, 10. 37. 3S, SS 
dniiqc'- See also l)niut/fit 
Wntit 

ftrr meiiHiniMii fiiniaee (lelU< lion. 208 
fUinnl^ 

riiroless fiirhtetiinti of. 20S, 
dust in i«.ckunr. 118, 2i)S 
e\|rHnsion .139 
Jeakv. I IS. 22.') 
lossotuat''! iliioimii. 124 

an piensiircs uiutei. uifh foxed (haiitdM. 70 
ele.iniin'of 11.7.117.123.190 
i lo^ijed ttith Ash. 48. 232. 233 
t imjiorttJiU'e of diswii of 19.22.23 
, inspec turn of. 229 il «// 
patent, steam jets used with. Of i 

rei'ulution of. mth mec liaiue.d stokeis, f7 

.self-eleaniinr, .77, 11.7 

sjM'eial, for buininu lipiite etc , 30 

st<‘p|XHf. 30. .70. .77 

t<io loiiK fot fiMiilable dri uuht. 2.71 

fin n't! 

and furnace deller lion, 209 
in fet^d tt’ater. 209. 298 
in feed-ttater heaters, 298, * 

in bteam. 131. 

in steel tulM^economuers, 204 
in water hibes. 211 
(froovtntf See also Cortonion. 
alonit seams, itl9. 210 
hair line. IIHk 
of boiLr shell. 219. 
of IfanKes of drum end plates. 199 
of fivmt plate on l^neashiro Ixnler, 199. 
of furnace flange, 202, 210 

Handhole ('oi'tif- 

for inspec tion purposes. 11 
insjiedion (A, •tthilc steam is Ixunc raiscrl, 43 
Hardneos 

in water, permanent, 12,). 134, 290 . 

in water,,temporary, 129, 134,297. , 

measurement of, 294, 2}».) ‘ 

UmdeiH ‘ 

corrosion of,, in water.tubo Iroilers, 1.37. 
economizers, 8L, 87, 260, 264. 


i/tffliiera—rontinuaJ* c 

in KUjierheafers, 78, 2.77,’2.79 
. in water-tube boilers, 11 

inspectl.m of. 212 ' 

Heat See also Calonfie Values, Radiant Ileal 
liow'priKlucerl. I8. 

^ in supeiheated steam. 188. 
laboratory experiments, 161. 
peiieiitapo cniiied atta> in five gaw's, 7.7 
i ladn.te*! b\ buck xvails, 247, 247. 
i itiansinission hinder oil or jjreasi*. 209. 

waste <it. due to |K»or liig^inK, 302. 303 
■ wa.sle of, throUfjlj imperhct <-onibuslj|()n. 24' 
waste of. with natural diausht. 71. 7.7 
flnikis 

cleandn: o(. /9H 

Contact feerl watei, 134. 137. 297, 298 ^ 

t orioMoji of. 2t)8 

«'\liaust stiMin fiH^', water. I33._!34 
l.urmiifr of. 298 * 4 

oil III fuel oil n\i.(em. 32. 33 * 

MU face feed wa-'ei. 137. 138. 297. 298, 299 

llixfifiin/ , 

ih'Inusl. 212 ,, 

at flout of niediiinKni stoker. 49, 230 
foi ((•llrs'liMU ash. 19, I2ct ‘ 

'UtiMt/i/ Tiuih , 

hot w.dettin puicess woik, H)3 

einemeiK \ pumps foi. 93 ' 
siu(.il>iltl\ tit oil luel foi. .11 
IliitU'i/f 

aiul rie-acialor. 1.37 . 

drain pijx-s lead to. 111 
lectl ian!res,ifel\ \al\(Miot coniuv tcsl tti 114 
toi collet tiyn ofexliuiisf sfeant !*‘3. ' 

pipe s;slfm. 79 ^ , 

w.itci leieivetl Itom. b\ piini] .. t)l 
\hii!nxaiiims * 

Jisiidei'ialitin of. 21. i 

in .iimI, 17. Is ' * 

iiist.ibihlv of. 19. 

lame \t)lunie of air retpiiird to burn. 24. 
Ih/ihaiiiii ^ 

an letpiiied (t) burn. 24 « 

aixl (tunbiistion of coal, 20 
caloiilii 4nlueof. 19 , 

fr«T. 21 • , 

, 111 etml 17, 19 

t 111 solid,iu|‘ls. 16 
II ifih am pjti Se<‘ >Sal i iioiiuti r 

*i»ili^alitnf , * 

of eiif'ines. etc . 186, 290 
Induiftl lhaufihl S^* alM>|AVii<^. 

*and thimncy hctjtht. 74. ^ 

ajipbiHl to old boilers, 77, 76. 
efluiency of. 73, 74. 

, fans for. 1.7, <>1. 67. 272 ' 

Sor waAtc gas fiiriiaccfi. 40 « 

pos]tum of faiu 72, 273. 
aavinjj effeeticl by, 77. 

, temperature of jiases with. 77 , 

I uiiiversaKapplicebd|^y of. 71. 72,7*7. 7d. 

! Infellotfi ' 1 

I as stand-by for boiler wuter aiiyply, 9.7. 

I* automatic, 96. ' 
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Injectort —Continivd; • 

compound, 96. • 

connection to boiler, 272. 
d^criptiki of, 0,5, 96. * 

inspection and cleaning of, 271, 272. 
non-automatic, 06. * 

position of water meter in lelation to. 101. 
scale in, «7l. * 

wet steam aj^d, 271. 

Inapectionn , 

Board of Trade, >!". • 
by engineer-chcmwt, 290. 

• external, 2l9'23r), 2.^4. 

. .insorance. 191, 192, 

internal, 191-^18. • ^ 

internal and external deHne(f, 197. • 

•of boiler laid up on “ emjdy “ method. 2;1l. 

• of boiler refuse Ad reedamation plant. 150. 
of economizers, 202 el 

% while steaifi is b^ing raist^, ‘43. 

InHpf^ion Doors • • 

method of installing, 278. « 
warping of, 2'i^. 

Joirtfs * • % 

between nnyiholc covers and boiler, 195, 2fc8. 
dange»of tightening, with boiler under steam. 

42. 

etfect <ipon, of raising stean^ rapidly in 
Laneashire boilers, 41. ^ 

examination ofj in supeftiealcrs, 257. ^ ' 

for pump.valve chest cover, 209. 
ill economizer chambers, 282. • 
ioftJooUdi mavnc boilers, 42. 
ieak)% 43, 212^ 

of tubes ill surface food heaters, 298. 
ringstay, en economizers, 85. 
steam-pipe, .304. • 

sftara-tiglit* 30T. ^ 

•wlien laying bricks*28l. , i 

$ 

Laboratory • • ^ * 

• ^ duties of staff, 149, 158-1C2,2 ;4. * 

Laaqim 

• mopen.air plants, 219. 

I insulating pro^rties of, 142. ^ 

method of applying, 220, 255. 
of boilers, 219, 305. 
of feed pipes. 144,305. 

^ hanges, 304. , 

of steam pi^, 142, 186, 302, 303, 304, 3O5.0*| 
of surface foed.water heaters, 21^. 

• proteej^ion of, 220. • * 

requirements of, 219,220. ^ * 

Lan9iakire Hoilars * 

and ash disposal,J21. i 

•and blow-down pi^ sys^m, 143. f i 

^ eleani^ lireaof, 110,117, \ 

corrosion of angle ring, 199. 
draught regti^ition, with baAked Ores, 63. \ 

economizers with, 83. * • # 

water for, 10, 124. • ' 

fusible plugs in crown of, 151| * 

I gusset stays in, 205. 

in ordii^ry factory um, 10. • ** 

making front wall aj^ght, 246. • • 

method o^uppditing, 238. *=• 
method of tilling, 41. * * 


Lancashire Boilers —Continued: • 

• old,^a8 exhaust Acam receivers, 133j*134. 
opening furnace doors fel* firing, 62. 
paten? firebridges fittetilo, 2??, 117. ’ 
pitting of shell p^t^, 198. • 
petition of test holes, 174, 1^5 j» 
gualitics and modifica^ons, 10, 41. 
superheaters with, 78, 70, 
testing on installation, 183. 
with side Hue covers, 243, 245. 
worling with water-tube boilers, 11. 

“ Layintj-np ' 
empty mettnxl, 253. 
full method, 252, 253. 
in cold climates, 254, 255. 
procedure. 252-256. 

Leaks. See also .4ir Leaks, 

duo to faulty 4oiifls.«13 , 

from valveVcgulttting supply of steam to jets, 
65. ' » > 

in iiijoclor coniicctiow, 271. • 

Lajhlintj 

of boiler rooms? 226, 231. 312. 

Lifjuite 

calorific value of, 16. 
drying out moishirc' in. 30. 
importance of, 29. 
special grate for, 30. 

Lime 

^and hardness in water, 129, 294. 

* in water-softening plaid, UMl. 

Liquid Fu^. See Oi], 

Lof'omoHve /ioihrs^ 9, 12, l;i. 

* detioeting arches in. 250. 

* feed water for, 124. 4 

s|)ecial type superheaters for, .282» j 

Lubrication. \Soe also OU, Luhricatinq. Oil 
jlhitters. 

not required inside rotary pumps. 91. 
of commutators, 273. 
of pumps, faulty, 270. 
of reciprocating engines, 131. 
of small, high-sf^ed engines, 277. 
of steam engines, 274, 275. 
of turbines, 131. 
of weigh-briflges, 308. 

rcsult»of negle(!t with mechanical stoker. 231. 
^fa(|nesia 

and hardness in w'ater, 129, 294^ 
for boiler lagging, 219, 220. • 

for pipe lagging, 143, 302, 303, 304. 

“ Feed Water 

in water-tube boilers, 10, 87, 124. j i* 
large quantity required with steani injex^tion 
1 oil-biirning system, 36. , 

I on board ship, 124, 129* 

! Manholes 

filHng^ioileni through, 41. 252. 

I proc^ure when opening, 195. 

* Manhdt Covers j 

' inspection of, while steam is being raised, 43. 
repUi'ing of, 218 • 

^sticking to boilers, 195. 

*tigi]tteniQg nuts on, 43. * 

' Manv9h Artificidi 

as a by-product of coal, 7, 319. 

9 Marine Boilers. Sec Scotcl^ MfiHne Boilers, 

9 
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Marini PmcUrt, Sco , 

Mcc^mr *' 

and ensin^r-cftt'^niist, 4^ 140, 28.)^ 
ami leaky f^landar 118. 
and lab^'icatlon of ateam enj'ino'^, 274. 27.>. 
MerJinntcnl iS1V)1«a ’ 

and a«h removal,'4ft, ll.'s 120. 
and balanced draught, 70, 71 , 

and chnngcH ot fuel, 47 
c ham*grair stoker. 4ft. OH^ 232 ^ 

cle.'Mung of. 231 et Af//. 
i loot'd rhain-giatc stoker. 08 
toking aroftv'rt appbed to. 2,‘l ' 

(okulg^lokel, 4ft. 
cwnmrtment stoker, 0};l 
ronditioA-i of Hli(ic>ic>. 8. 47. 48 
ele<‘tneiil driving ma<‘limery for. 2.13. 234. 
Iirenien ftiul, ir)2 r 
iiiHjicttion oJ. 2.30, 231. 232. 
mpasuuiig'fiiei on I07. I'W. 
on hoaikt shi[). 7. 221. 

(»\eihaiiluig of g<Mr. 230. 231. 233 
' jiaiut for, 23.3. 

pr(H-odur(M\lu*ii tojMnmg. Ifto 
purjioso of. 47 
retort stoker. ."12 
sprinkling stokei, 4!t. 2.30. 231 
steam jots tittnl to. tit, 2.31 
HithdiaMal ot. 231. 

.Urt/rtSM' 

its use as fuel. |li ■ 

' Melfrf: S(*e('wf^ Sit dm Mtftr, fi aln Mt/ti 
Mdhant 

formation of. 21 - 
J/»w ‘ 

■ for biwler Lagging. 21ft. 

^ for inapertion uimlous, 309 

piojei'tioiis on (onmiutators. 273 ^ 

Muil Jhumh 

(leaning of. 211 
ex]Minsioii of, 247. 
tiiebruk tiles in fiont of, 248 
insjH'i-tion of. 211 a, 

Vmj^iy i'untacr, 4ft 

Sntmal Dratofftl 

and new flues. 281 

heat Masted with, 71 

leaky bnekMork and. 23ft. 24.1. 

IimitatKaiH of, tiO, 01. 284, 
temperature of gases m ith. 7.1. 

Nirhusjtf JiotletA 

inner circulating tubes m, 212. 

Nifroijeu 

ai>l waste of hp.it, 24. 
in etmoKphere, 17. 23, 
m bituminous coal. 18. 1ft 
in “ excess air,” 22,47 
iVozz/ea 

for exhaust steam, 283 
for steam j 'la, 04, ti.l. 
in circulators, 84. 
in fuel oil systems, 35.i 
steam, on soot-blowers, 78. , 

Nuls ' 

protection of. in stays suppi^rting eomb'ustion 
chamber plate, 204. 
tightening, 'or*, a anhole covers, 43. 


j Oil, Fu4 

: advantages and uisauvanrages ot. 18, 31-37. 

• as a^y-produet of coal, 7,20,3i9. 

osbo)^* and afloat, 31, 32. * 

cheapness of steam injection system. 30. 

’ in marine boiler furnaces, 211. 

', pn*eautionH fn operating systems, 36, 37. 
regulation of air-siipplv for cqmbii.stion of, 32. 
steam injection Rj,’at<*m as mixibary method 
of steam raising. 30 
V syatems for l)i!mttiK*>32-37. 
when substituted for coal, 2.30. 

Oil, Ldbufulmi , I* 

best mineral only to be used, 131.161 
.. ^•on.s«mptIon abonnl ship, 
entf*i mg boilei^ w ith fowl water, ftl, 2<Jft. 272. 

A in hoder fliiKl. 197. , . 

in cxIiHUht steam, 134.'i3S. 
in steam. 13ft, ICI , 

m water tulles, 211. , * , • 

medusl of \Vai(ti«ng. -ftO, 201. 

M'paration ot<iahte. 292. 
separators. 131, 133. * 

testing, in lalnnatory, 101. t 
Oil 

■ and bearings of meclmnieai stoker machinery, 

* di-sign of, 27.‘) I 

on .sjuuK. high-speetl engines, 27/ 

Oil St p nnloi 1 S<H*. also Fdtft.'t, 

' cleaning of, 2J>7. 

for coiidcn'>od sfe.nm, 131 

for c\h;t.ist steuni, 133 ^ 

for w.'iste lubiicatnig od, 292. 

OslldllKtil , 

, <U*s<-np(i(m of, 127-129. 

Ornhnu! Hnuf^tis. See Hunkfi,--. * 

Oryiivn > . « 

am) »*ombustion. 17,. 1ft 20,* 

* juuNcoirosion, 234 ‘ 

.m atmospheie. 17,23. 

iK coal. 17, 18. ift ’ 

in sohd fuels, 16. ' 

unconsunieil, in Hue gases, 28, 2ft, 18.3^ 

Pdrl iHf/ ,i 

caicIcsMU'hs with, 268 
foi suif.icc-fecHl heater, 298. 
how to make, 287. 
insulhcicnt III glands, 22.) 

', patent ractallic for feed pumiis. 274 

projK'r use of, 268 
tyj»e« o^ for different iifies, 268 

* Pa^nl , 

and cfheiency. 118. 

as pioteotive f^im <‘«n;-osion. 26.), 31,'>. 

' distinctive for pijios in coipphcalbd sysiema, 
30.3. i, 

for alarm Boats, 222. * 

for boilers *'.laid up.” 2.')5f • 

'•for bc<ler plates, 2.')2. • 

fof boiler shell in opcu-alr plants, 210. 
for eorroded plate, lUft. 
for mdoor boiler plants, 220. •> 

. * for insiae of boiler 214. *. 

* for in4<de of coal burkers, 309. 
for internat and extertial sui^oces of boiler, 
<■ 255. 
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tor meohanital stokers, 213. 

tor pipes ezposod to weather, 305. . ' * 

tor pipe joints, 301. > 

for steAn pipes, 304, 305. * 

for steam safety valves, 222. ^ 

for steel ohinmey, 284. 

tor steelwork in "boiler hoase, 312, 314. , 

supervision in preparing, 214. 

testing in jpboratory, 101. 

Peat • 

air prehwted, whiyi burning, 68. • 

calorific value of, 16. 

^W' Pipes, Feed Pipes, 

■ • Shtm Pipes, Steam Pipes, WeUer Pipes, 
disused hot jrate^WS > 

failure of, when Sibjeotod to vibration) 001. 

> fitted to superheater drain cocks, 79. ■> 

hotwell system,*79; 
in fuel-oil system, 34, SB. , 
injector dlBlive:y. 271. . 
ftlet feed, 126. 1 » 

methods of supj^rting, 1|0,141, 300. 
overflow, froyi injectors, 272. 
passing through walls, 312. 

“ sprung ” into positioif, 87, 301.' 
steel, 301., ’ 

Pipe GmePinq. See Laggiiuj. 

Piston Pings. ^Soe also Pumps. 

in pressure water meters, 186. . 
leaky, 8. , , 

Pitting. See also Corrosion. ' 

close isolated, 220. 

• innteel-tube economizers, 2(4. ' 
of bt^ler shcl^late, 198. 

of expansion noops, 210. 
of headers. 212. 

• types of,^9l^ ’ 

Plated , , , 

jbplging of, due to failure of slays,’204. 
combustion chamber, 204. i 

coAodede 198,199,213. , 

defective, 192. • 

effect upon, of blowing down under full 
pressure, 195. 

flanges of drum end, grooving of, 199. 
fron^dead, inSpeotion of, 229. ) 

in Scotch marine boilers, 12,42. 
quality of, for repair work. 201. 
i^pnic and renewal of, 200, 201. 

Plugs • 

cleaning of, 196. , > 

• fusible, 151. , 

neglected, 209. 

fatent, 210. ’ * , • 

Pressure Gauges 

connection to boijer, 223,224. ■* 

glouble, 224. 

.fitted to superheater, 258. 

^inspector’s, 223. 

maintenance af, 223,224. , j 
riHgir gf, 223. / 

testing, 223. • , 

to be disconnected when lajjing up boilers, 
• 262. 

unreliahitity of, at low^re88urcs,493,223. 
,friming • , * 

and operal^n of Mjeotprs^Sfrf. 


Priming —Continued; , 

j cause ol scale jji superheater tubesf257. 

■’ ofiboilers with salt wa<pr, 176. 

Pulverise^ Fuel, 16. . • • 

advantages of, , 

future of, 319, 320. t * 
methods of burning, US, 114.’ 

^Punps 

o best arrangement of 269. 

corrosion of, 270. ^ 

cn\|Brgency, 93. 

famty lubrication of, 270. « 

feed, 89. 91, 92,93.94.134., 135. 270, 274. 

hammeriifg, 135, 260. 

“ lining up,” 276. 

oil, in fuel-oil systems, 33, 34,35, 371 

overhauling of, 267 et seq. 

poor maintenan^'B of, 02,94,264. * 

* rociprocatuig, 89, 94, 269,270? i 
rotary, 89. ^ 

safe working of, 143, 144. 
steam consumption Of, 8, 01, 9^, 266. 
steam in, 87, 

two independent steam supplies for, 93. 
valve chests for, 270. 
water piston trouble, 269. 

Pumpmen 

duties of, 156, 157. 
hours of work, 152,153. 

Ptfrometers 

y description of, 167, 108. 

^ funcUyn of, 107. 

^ladiant Heat * ' 

alid Eritb Koe duplex fitok^r, 54. 

’ from briclnvork, 26. 

when burning coke, 109. 

Rake 

cleaning Gres, 115. 
in cleaning grates, 117, 121. 
in conjunction witli meolianical stokeis, 
48. 

use of, in hand firing, 44, 45, 46. 

* Reclamation Plant > 

for imbnrnt fuel, 122,123. li)G. 

Record^. Sec also Index to Tables, page xx. 

kept by boiler insurance companies, 192, 
193.* 

) importance of, in steam production, 6. 
of auxiliary apparatus. 266. > 

^ of economizer pipes inspected, ^2. 
of electrical power, 163. 
of fuel, 162. 

of steam pipes, 140. j 

' of steam supplied to auxiliaries, 164, 165. 
Record Cards ^ * 

for fuel-weighing machines, 102. 

Records Office 

and teade information, 162. 
duties *of, 158, 162,163. 
a Refuse 

08 fuel, 16. ^ 

special fumkoes for burning 57. 

Retort S9okers. See Mechanical StcAerSs 
Rising > 

wh^ repairing boilers, 201. 

RoutiiSe' • 

> in boiler house, 146 et seq, » 
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JZoittitie—Conttnued 

in cbVi^nes, UB, 149, 15^ * 

in overhftnhng n^hanic^n stokors, 2^. 
in repair sh^p, 28^ ct Aeq. ^ 

SafHy ValveA t * r 

dead-weigkt, 221, 222. 
fitted to economized, 2()(^ 202. 294 <■ " 

fitted to feed Wt<r,2SM>. < 

fitted to steam pipe syntems, 141. 
fitted to stlam receiver, 13^1 , 

fitted to superheaters, 79, 2.1S. 
lever-loaCed. 222. 
on fml rnngC, 144, 299 ‘ 

question concerning removal when “lajing 
MO ” boilers, 293. 
spriug-Ioa^i'ed, 221. 

bmc^ion «.*, 174, 175 r t- 
method of using, 175, 179 
trouble^ A itlf cocks, 200 
SavxluAt • e 

'for extinguishing oil (ties, .37 
Scale *" 

and fiirnaee dcficclion, 209 
betwcim tulica, 207. 
conceals corrosion, 193 1!>9, 2(50 
effetta of, on heat tlunstnl^slon, 193 
hanlcncil by incorrect method of cniplying 
boilers. 19,5. 

in economizer pi}ics, 2h0 
m economizei tulx*s, 87 . ' 

^ in feed pipes, 144. 

in fecd-w'ater heaftus. 297, 298 
in injectors, 271.' 
in superheater iiibcs. 257 
' 111 MHt'.r-suftening plant. 29.'t 

, in water-tube boilers, 129, 211, 212. 213 
laboratory e.\nminatioiiN of, 191 
on boilerplates. 124, 12.5. 
on firebaiN, 230 
iemo\al of, bv luind, 197 
thin, jirotcctive against ccffrosion, 199, 213 
tools f<ir rernoMng, 197j 198. 
when oil fuel is used, 211. 

Seievti/ir Coiittof 

and special tests, 183. 

impoitance of. to inilustr>. 315,' 319, 319. 

320, 321, 32.5, 329 
m boiler plant, n, 7, 9. 
in manuAacturiMg, 3, 4, 315, 319 
in working rejiaii shop, 287 <t sry 
methods of, 149 ei we// 

W'lthj^alanccd draught. 71 
Scotch Jlattue Woj/ir', 9. 
deVnbed, 11. . 

disadvantages of. 12. 
massive construction of, 42 
method of ittising steam in, 42. 
removal of furnaces from, 210 ‘ 

special type superheaters for, 282 
stay tubra 1*1,20.5. 
use on board ship, 11. 

Scum Pipes ‘ « 

corrosiqp of, 202. ^ 

to be fitted with troughs organs, 202^ 

Seams ' 

d«#w*f ive 192. 


Seams —Continued' r> 

effect upon, tff blowing tSown under full 
• pressure, 196. • 

t grooving along, 199, 210. 

mspoctnm of, 199,220,238. ^ 

Seahmj 

^ bearing surfaces of blocks and walls, 238. 

, blocks for froAt wall of Lancashire boiler. 
240. • 

construction of blocks, 243. 
faulfy, 239. 

f]lliliicr llimi .systenJ, 240 et seq. 
removal of blocks, 2.38, 239. 
types of block. 238, 239. 

!<idqntnt 

in bkiw'-dow'ii pipe. 143 i 
ryi coiituct fce(!-watei heaters, 297. 

,’u curved tubes of Stirling boilers, 211 
in injectoi delivery pipe. 271. 

Ill supeihcatci tub's. 2.57 
in water motels. 271. , 

Scm\~IUl»wiuou\ f'<Al See also (\>aL 
lin'incn and. 17.- 

ShU 

(leaning uiul jiauiting iri opi'iiTHir plants, 
219 ^ ' 

clcniiiiig with wire brushes. 219 
coirosioii (if, IJH), 219 
dchnilion of, for inspection pi 'post's, 197 
msjM'ctioA of, 22<l. 

I thK'kncss Ilf plates ui Scotcli marine boileis. 
12.42 


Ships 




advaiila^s of oil fiu'l on, 31, 32. 

blow-down valves on, 227 

cleaning fires abiiaid, JI5 

eolloidal luels on. 31 

coiisiimptliiri of Iiibiu'atiug.ioil on, 279 

emptvmg boileis on, I9t , 

feed waiter on, 124, 11,9 

font'd diaiight iwhI on, 95 

fuel economy on, S 

n..chanu >il stokeis on', 321 

Sc(>lch maiiiie boileis in. 11 

spoiitaneons combustion of ctul on. 3tf9. 3l I 

stf'ain prodiK tion on, 7 r 

steam langi's on, 1.50 

hupcrheattsl sti'am on, 78 

swivel typed.iiTHM'isin. 93 

vertical boilers m. 12 ' 

water-tube boih'is in. 10. 11. 


formation of, 117. 
moftcn,'ll7 

iSVitfi 

use of, m eleaimig grates, 117. 

<S7i uj« „ 

care with ro|)e, 2J)1, 292. 
methods of foiming rope. 28C. 287. 
wire, 291 " 

Smoke . 

'■^abatement, .319-319. 
amii of waste, 49, 131. 
causes of, K), 17. 22, 24, 29, 59, 60. 
j definition of. 25. 

(lomestAf, 319. ^ i 

^ due tef incfhcient firyig, 45. 
imD08siblc''when bumiliff coks. 29. 
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Stn^e —Contijwed; ^ 

in steel ana works, 319. • 

legislative proposals concerning, 317, 31!'. ^ 
Soap % o 

use of steam in manufacture of, 6. 

Soda. See also Soda. • 

and alkalinltyin boiler ^ator, 214,2»3. 
toting in laTOratory, 161. * 

Soda Ash « 

in oil eliimnatora, 131. • 

in treatment of feed water, 129,160, 2^. 

Soot 

• at base of cbimney. 283. 
bibwers, 78, 213. ' • 

clearing away, 73, m, 196, 212, 248. 265, 

. 260,26^ • 

• disposition in flues, 270. 

^ formation of, SI. 

on economizer tubes^82, 83,264,206. 
on 8Upai1ieat<|r tubes, 78,#79, 248. 268. 

•bn valves, 306. * * . 

scraper gear, 82, 83, 262, 264. 

Spare Parts ^ • 

made in repair shop, 288, 280. 

Sprinklinf Stoker. Soe Moc^nkal j^toker. 

Stays . 

* coriwsioif of» 204. 

. effects of failure, 204. 9 

guss^, in Lancashire boilers, ^05. 

■ inspection of, 203,20^* , 

Steam. -Hee alsO Exhaust Steam^ Superheated ^ 
Steam. 

bleeding, 137. • 


condensed closed feed systems, 120, 185. 
contaminatq(l with oil, 130, 131. 
drums, 11. 

formation of, in combustion coal, 10. 

Jn dyeing, 6. 

in processfwoi-k, 77, 140, 163^185. 

In soap production, 6. ^ • ; 

laboratory experiments, 161. 
mixtuift of saturated and superheated 78. 
pressures, 77. 

raising, in Scotch marine boilers, 42. 

' saturated in steam jets, 61 . 
science in pftxluetion of, 6, 6, 7. ^ 
scoring action of, 64. 

^pplie<i to auxiliary machinery, 185, 

^r^pply to jets, 65. 

tompcratiiics, 77, 70. « 

time for raising, in JjAneashire boilers, 41.^ 
unit of, 6, 163. * 

* volume and pressure of, 268, 2^0. • 

9 waste of, 6^, 93. • • 

Steam Engines • * 

and steam temperatures, 77, 70. 
importance of ‘•lining bp,” 270, 277. * 

in conjj^ncifon with condensers, 131, 273. 

^ lubrication of, 274. 
small, higb-ijmced, 277. 

oita^Inf^tion Barntrs. See Burneht. • • 

Stems. Jets , * * 

condensation of steam from. 264. • 

in connection with tubular nre troughs. 52. 
in fueboil systems, 30,37. « * 

maximum preuure 9n, 235. » • 

nozzles of, 64, ofi. * • 

steam c<^umption of, (M, 75, 185, 234, 235.5 


Steam ifs/^Oontinued: • 

• testing of. 18«, 234,235. • 

ifNed to increase draufht, 19, 63, 64, 65. 
wiik saturated and itith sbperheq^^ stej 

64. • • . 

Stiihm Meter * ^ 

t description of, 173. $ 

for testing supcrhcat#T8,^185. 
required where condensed steam is retun 
to boilers direct, 185. • 

SteanhPipes 

and emergency roquiromontB,aL50. 

081*0 nc^ed under moderv conditions, 139 

danger of forcing, into position, 130, 301.* 

excessive rigidity of, 130. 

explosions of, 301. # 

for superheatixl steam, 77, 79. 

for supplying j%ts, 64, 65. - 

“ liniii^p,” 300. 

method of supporting, 139« 

records to bo kept qf. 140,14i. 

steam pockets iu, 141. 

Steam Traps • 

construction and supervision of, 307. 
on steam pipe systems, 141. 

‘ types of, 307. 

Sled • 

best quality for repairs. 201. 

casing, for watcr*tubo boilers, 243,245,247 

galvanizing of, 87. 

• economizer constructiem, 86, 87. 

protSetion of, against frost, 254, 255. 

Steel arai Iron Works • 

• •smoke abatement in, 318,319. 

• use of waste heat from, 38. 

Stepped Qrates. See Qrateji* , 

Stirling Boilers 

classifleation of, 11. 

'position of test holes, 174, 176. 
sediment in curved tubes of, 211. 

Stokers. See Methankal Stokers* 

Stores 

for boiler depactmont, 162. 
testing of, 162.* 

Strainers. See also Filters. 

suction, for oil fuel, 33, 34. 

Stream Line Motion 

and layout of economizers, 282, 283. 

* and layout of flues. 279. 

in Haste valves. 127. * ^ 

knowledge of, required fin boiler setting, 15. 
Studs 

failure of, in furnace, 229,230. 
in furnace, inspection of, 229. 
in manhole covers, 43. 
steel, for pump valve chests, 270 
Sttgar’Cane 

as a fuel, 16. 

special furnace for burning, 56. 

SuljJtur 

caloriflc value of, 19, 20. ^ 

effect of ei^eam jots on coal containing, 65. 

in bituminous coal, 18,19,20. 

• « iff coal, and coroosion, 19, 75, 213. 

Borage of coal containing, 31P. 

Sulpknr Dioxidlk 

formation of, 19,21. 
in flue gases, 75. 
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Svli^uruk icid r 

ionnation of, 21, 6.*>, 311. < 

Suferhealid Steam ^ ' 

aboanl ship, ‘78 ' « 

in power s^tiors, 10 • 
in steam G4 ^ 

mixed with saturated. 7H 
passed over hot^roi?. 250. 
special pipes and valves needed for. 77 
306 r 

Hjieoial tubes for higldv, 259 t 

tem])cratw e.s of, 77. 70 
thermal efheicne) of, 188 , 

Superkcaterfi 

baffle airangemcnts and. 70. 248, 281 
buniSng of tulK*a, 250 
corrosion of, 248. 257, 250. 
littiugs for,, 70 <■ 

flooding of. 258 
funetion.pf. 77, 78 
inde|K‘nde/itly fln‘d,^80 
m locomotive and Scotcli niai me Ixnlcis, 
mspcction and cleaning of} 257 rt •*'/ 
large, fitted to sin.ill boih’is, 258. 250 
opciation of, 70 
position of, 78, 2.57 
saving efleeted bv. 80 • 

soot (m tubes of, 248 
testing of. 185, 258 
Superheater ('hmher 

position of, 281 ,, 

♦n piopcr eonstiuction of, 281, 282 ' 

Tanks , ^ i 

f«>r atonige of eil fuel, 32, 33 j 

for weighing water in sfH'cial tests, 00. 100, 
101 

Tar^ 

as a by-jiroduet of coal, 20. 310 
ns paint for indoor plants. 22t) 
on oeonomiA«‘r tubes, S3,264 
Telpher Playii 

exaniinafiitn of inotois. pos, JlOO 
foi h.'vndlmg ashes. 121 
ftir handling fuel, 111. 308 
Tests 

cxiienmcntal boilci for. 184 
of eeonomircia, 185. 263 
of fuel-weighing ajijjaratus. 186 ’* 

of steam jets, 185.234,235 
of sii|terh€aterH,*lK5, 258 
of water meters, 186 
special, 183 
Test f{olc» 

on Babcock and 'Wilcox boiler. 174, 177 
on'Lanoashire boiler plant, 174, 175. 

, on Stilling boiler, 174,17b 
Thermo-^nncUon See Vyrometfr 
Thermometer ^ _ 9 

fitted to sujierheater, 79, 185 
mfeedpii>e^me, 144 
pocket, 144 ^ 

Time Table ‘ 

emeigency, m boiler house, 150. *“ , 

fixed, m ‘ooiler h.ouse, 146 ^ 

special, in boiler house, 149 •. 

Tipping Machine, Automatic 
for fuel, 107^. , 


Truck VrUoadere * 

tp obviate wast^ of fuel, 1.05 ^ 
to save cpst of laliour. 112 
Tubes. See piso Flues ^ 

bell-mouthing, 213 ‘ 

^blisters in. 212 
burning out, 151, 211, 259 
r eleanmg, of, 211,212 
corrosion of, 137, 208, 213, 263. 

GaUojvay, 10 ' 

g alvanizing, in Ixulers, 87 
eater, 111 fuel oil syatei'.i, 34 
“ hogging,” 212 

in economizers, 8!. 82. 87,2tM), 263 
i,n forced draught sj’stem, 66. 67,206 
in Nicdniisse l^ileis, 212 
I’^'Scotcli Marin<’*boilerh. 11. 12. 2tK5 , 
M Kujiciheators. 78, 80, 2.''7. 250 
in HUiface feisl-w.iter lieateis. 138. 298 
in W}it}‘i-tul»* {jioilels. 11. 12 c 
* iiisper tion of, 212, 213 
leak^.207, 20rf. 260 
lining of. 111 ecor.}»nu'/ci>>, 87 
o^clheating of, 211 
lapid coohng of, ,207 
,Uow. 138 

HI ale in, 129, 212, 213 
Muokc, eoliosion of, 2(M'i 
• smoke, pioteetion of, 207 

sjHCUil, fot Inghl} supeihealod stc.un. 2.50 
Tube Stoppers 

deserijituni of, 207 * 

pat(‘nt, 29,7 
Turin m * 

and <*losed fis‘d systems. Il9 
and KujK'iheatcd steam aboard ship. 78 
cm losc<l lubricating h\slema (»f, IJWK 131 
supply of ("chaust hlcain to, 133 

Tuytis ,, 

111 ictoit .stoket, 54 < Q 

Ttivdibll 

d«i^'iccs lelaOsl to Heaume stale. 17tb 179 


collapse oj iHuleisdue t«). 253 J • 

dangt'i of not (lestn>ying, 1^5 , 

etTcct of. when eiiip( \ mg boilei, 15M- 
sjstem of (leaning, 26<i. 261, 262 
I rtii'ctf See also lllou'-down \ ulvs, Ftcd‘('heck 
Vah'es, Sufetij \abis * 

' ball, ftir injectors, 96 

blow-down, on Scotch niaiinc btnlcrs, 42 
cleaning of, 262, 306 • 

covei's for, 3tK) 

<lefcttiv‘. »n injector delivery jnjjcs, 27H 
dust and soot in, IIH, 3tbi 
siaultv. 8. 305. 306 r 
feed (‘heck, 41 • 

fitted to pumps, 269 _ % 

for regulating, steam Hupjily to jot.s, 6.5, 235. 
r for saji^rheated steam, 77, <9,306 

Vmdiiig m, 289. 290, 306 •« 

in connection 'k'lth water meter, 101. 
m fuel oil sydtems. 34. 35, 37 ^ 

< in w'ater meters, .271 
Jef t-hai^d' screw, 228 
mam stop, ^1, 305 , • 

of lock-up pattgm, 65, ‘221, 
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Valves —Continued: 

oTerhftuIing and repair of *289, 290, SOn. 
prooei^re when taiang adrift, * 

leduoing, between high and low pressure 
steam ranges, 14. , 

regular insp^ion of, 306. 
regulating air-supply in%rced draught, OC. 
sluice type, 228, 305, 306. 
spindles of, in sub-ground econonyzors, 87. 
spring-loaded relief, on feed range, 143, 144. 
tell-tale arrangeihents, 306, 307. * 

, trouble with small, 224. 

Valve Hhest • 

for feed pomps, 270. • , 

snperheatefl steam control, 78. • . 

VjSniQation la 

a of boilers, whi'o cleaning, 195. • 

of boiler house, 312, 314. 
of bunfcejs, 309. ' . 

#f flues, whilo*oieaning, 239, 240, 

Vertical Boilers. 9. • * 

corrosion of, 238. • 

deflecting aAhes fitted to, 250. 
use oa board ship, 12., 

Volatile Oases * 

air Ijjakssuid, 74. * 

burning of, in special grates for bulky fuel, 3(^ 

changes ih oir-supply to bum, 24, 29. • 

eom^sation of, 264. * 

difficulty of burning efficiently, 25,^6, 44. , , 

'effect of cooling. 22. 

firebrick in furnace and, 23,250. 

Volatile Matter 

ascertainmeftt of, in fuel, 180-181. 
extracted fidm modified fuel, 29. 

, in bituminous coal, 18. 

in “ comitof'’29. • 

•* • * * a 

Wsfgsns. See also Gatts. 

B^m, tanks of, 102. * 

Walls. Seto also Boiler Selling, Brifkumrt, 
Foundaliom. * .*' 

* _ bricks in back and side, 247. 

'• •down-take side, 241. 

front, of Lancashire boilers, 246. 
lining of, 243. * 

method of building, 245, 246, 247. 
of economizer chambers, 282. 

•of flues, 280. 

of wator-tiAie boilers, 243,246,247. * 

stiffening of, 243, a * 

a thickness of, 243. a 

Wastes , * 

*due to inefficient cleaning of firgg, 116. • 
due to inefficient firing, 48. 
due to inefficient pirn lagging, 142, 302#303. 

• doe to radiation by brick walls, 245, 247. 

0 in boiler plants, 4. 

in fuel consumption generally, 7. 
of coal, wheS unloading truc&, ^13,105. a 
exllaust steam, 131. • a* 

of fuel, due to leaky briciwork, 240,|241. 
of heat through imperfect cAnboation, 18,24. 

• of hot water, 141, 145.. 

of lubMcating oil onfiumps, 21 ^). ^ 

of steam on defectare pumga, 93. 
of steam%n steAn-jets, §4, 6^, 235. a 

a of uilmmtfuel in Imiler refuse, 121. , 


0 ffasfes-rContinui)^: 

{ffissible, with modifiefl fuel, 20. 
sm^e a sign of, 46,161.' • 

Waste Oas a * a 

4 and Cochran Boiler, 12, 38. * 

, definition of, 37,38^ * 

in low-pressure economizer, 88. 

Hffisfe Heat •* 

' for heating boilera, 37, 38. , 

Waslitg. See Corrosion, 

Watchman a 

in relatign to boiler hous<a 1,53. 

Water. See also Feed Water. 
acidity in boiler, 124, 126. 
alkalinity in boiler, 214. ^ * 

as raw material in steam primuction, 5. 
degree of saltness permitted in boilers, 176. 
hardness of, 129,^94, 296. a 
hot, supplied to other dep^rtmenls, 145. 
present in bituminous coal, Igf 
pressure for injectors, 272. 
records to bojrept of quantities used, iffi). 
use of, for spraying ashes, 117. 
weight of, at different temperatures, 98. 
Water Gauges 

aslrestoa-iracked, 226. 
breaking of glassiu), 225. 
cleaning of, 226. 

connected with side flues of Lancashire 
• boilera with induced draught, 73. 
iuunsination of, 226. 
lining up of pods for,^25. 

• ^opening drain of, 41, 42. 

, procedure when repairings 196. 

sluggishness of cold waffer in, 41, 
tost to ascertain whether full or empty, 226, 
227. • 

8 various designs, 225,226. 

Water Hammer 

drain fitted to steam safety valves to avoid, 

221 . 

due to condenred steam in piire lines, 141. 
due to steam it economizer, 260. 
dire to tortuous drain from safety valve, 
222 . 

fata^ accidents due to, 141. 
in main steam range, 79. 

Water Meters 

calibrating, 101, 186. * • 

for testing econnmizors,*186. s' • 

Lea recorder, 96, 97. 
overhauling of, 271. 

position of, when injector only isrfttcd, 101. 
“ pressure ” and “ no pressure ” types, 96. 
sediment in, 271. * 

ty^ of pressflre meter, 98, 99, 

Water Pipes 

corrqsion of, 143. 

ITofer Softening Plant 
cleaning of, 293. 
cold process, 127, 128, 129, 134. 
hot proorSks, 134,135. ' 

, stale in, 293.* s 
Inter Supply , • 

Ji^ckish, ia collieries, 145. 
for boilers, from river or canal, 14, 124, 126, 
293. • 

Upftened before filling Baiters, 41,127. •* 
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Water Trough Conveyer 
for ash, 49 C 
Waier‘Tv}fp lioiUrs » 
and oflh diapond. 12<1 » 
and mechifnicrlhtokrt^t. ^ 
coking arches a})pl^d to mo(‘hamcal atokora 
of. 23 

combustion chambers foi, 22 • 

economizcrH-wUh. 83. 8(5. S7 

feed M'atcr lor. 10. 87. 124 ^ 

for(T<l dn^glit ajiplu'd to, <58 

he.ulci typo. 11 ^ 

high jiK'SKurcH m, 13(5 

m ooinbuiation with cokc> »i\eiis. 38 

m |)8wor stations. 10 

lining of, 24(5 

multiple drum tvpo, 0 « 

oilnuUl.Sll * • *0 

on iMiard Rhij>. Id, 11 

position'oj tost holes 174. 177 

procoduro when inh}feotiiig. 211 d stg 

pnijK‘rtie<i of. 10, ll « 

Bcnle in. 120. 211 
Rteain rapwllv niisi'd m. 41 
stool casing for, 243. 21.7. 247 
suitabihtv foi wasti* luat. 38 , 

hUj)erheat<*iHwith. 78. 70 
walls of. 24;5. 24(5, 247 

woiknigwith L'lneushiie b<iil<>i'. II 


Wetgh-Brtdges • 

fbrfuel.^tc . 102, 103, 105 
• orcrhanlmg of, 308 

atnmpin)!! iloviooa with, 102, 1(53 ** 
use of, m weighing wntoi, 00, KMJ 
Weighing Machineit 
• autoniaiie. 10(5* 
lalibrating tests of, 18(5 ♦ 

eontmuons. lOo ^ 

foi fi« l, 102 
m ]Kiwor .statums, 15t7^ 
o^e]hauling oi. 308 
legtilai leading o^, 1.74 
II (re Urnnhen 

ft>r (leaning boileis, 107. 24(5^ 

Lf eb’iining burfkeis. 300 
VI eleainng o( ononn7(‘is, 2<)2 
toi eleiining steel ehnnnei i. 284 
lot (leaning siipeih atms. 2.77 
iiiv«; ' ' 

(aloidii' \aliU' off 1(5 
i\ nodh’e/KM' , 

'.team jets on pl.mts bniniiv'. (5.7 


Zi nt* 

slabs lor letaidmg (•(►riosum. 202. 203 
* stiips f«ii eoiioded steel eeoii'yin/ei heade 

2(54 • <• 
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[ BRADFORD 
“—-;-T STEAMfTRAP 

. THE LITTLE TRAP WITH T(|E BIG OISI^URGE 

It Iftg a largftr dlsobarga area and cosiaauontly a l^er capacity 
.tlian any otbar trap on the market IT 18 POSITIVE. THE 
VALVE IS EITHER WIDE-OPEN OR DEAD CLOSED 

Mwle J# Two Types—' * 

PWON OPERATED DISCB/ROE All Traps sent 

WmHT OPERATED DISCHARGE on Approval 

_ 9 

STEAM com, ELECTRIC BRILLS, RHEUMATIC TOOLS 


UNITED STATES METAL.UC PACKING CO., LTD. 

H *80H0 works. ALLERtON ROAD, BRADFORD 

Branch OlBoA: Londim, Liverpool, GUeg'^w, Vewi^aiAle, |olto2), Swansea, Bristol, eto., eto. 






Telegrams 
*'Metallic ’’ 


umcA- 

SHiRr/niD 

CORlIlSil 

.BOILERS 

DtBh«d or 
• FlA*%idB 

STEEL 

PRESSURE 

tankA 




JOSEPVI FOSTER '& SONS 

, .* SOHO • FOUNDRY ' 

* . PRESTONy LANCS. 


STEAI^ 

OF THE 
UNIFLOW 
TYPE 

ALSO WITH 
CORLISS 
AND OTHER 
VALVE GEAR 
FOR MILL 
•JlSItlNC, 
ETC. 


HYDRAULIC, 
RUBBER, 
AND GUN- 


. AIR. AND 
CAS COM- 

















And what scale—no matter how ' j-o /. 

. 1 , j 1 r OlHerlyfes0fScaling 

hard—can stand the on-t'anedit of . . J.,- fj J v p„eumaUc, 

thice Cutters 111 a head letolMiiijat ' ^ Petnl-dricen and Water- 

^, 00 & r.p.m., small IVonder that the "*> ‘ irtvfn. 

“•Skatoskalo ” ElectricalJ^-Orivcn Scalin'g Tool 

will completeh m niovopaihclcof si ,\ft* from boiler lube oi plate in a fraction 
of fne time isivcn b\*.ml t)ther mcihoil Wh.il is more, it only jcipurcs one operator 
andf,iiii ))C canted .ibout iioin job to job ^ ^ 

LiriKAruKi imi, tts uif,»i;isr’ Wi^ip. to Nft.ux. • 

F. GILMAN (B.S.T.) Ltd., Grange -Works, Grange Rd.> 

SMETHWICK, BIRMINGHAM ' 

IfUphoHt Smfihu'ifk \% t Itleg/ams * Skaltskah’B’ham 


BOILER FLUE CLEANING 

* ‘ fc * 

* • u 

RapidW and Economically**carned'out by installing a . 

B - V ■ C 

SUCTION PLANT 

Also for Ash Conveying , 

« 

Water-tube Boilers cleaned while uhdef Steafai 


Wrik for iQooklel A 228 , * 

THE BRITISH VACUUM CLEANER AND 'ENGINEERING* CO., HD. 

' PARSQNS green lane, LONDON, S.W. 6 

, * i * • 

Establish^ 1903., ' Operthing BOOTH’S Patents 





» NATIONAt,” EeSSlr CJIRCULATQR 

For preventing external \«asting of ^cqpomiSer Pipes J)y raiflng tlie inlet* 
tgraperature of the Feed WKter ^Aih for iUusiroia pamphlet (£#53). 

“ NATIONAL” p.t.»t.FUSIBLE PiIdGS 

A most ^liable and necessary safeguard against explosion or damage to 
internally fired Steam Boilers ftrising from shortness of water. • 

Illustrated list {SiSo^shows the positkm and type of plug required for different ^inds of Boitgrs. • 

“NATIONAil’.’wfb&JLLUMINATOR 

•°(The light behind the the Gauge slass.) i^ustratcd pamphlet (S300). 

• List of Boiler Fittings and Articles useful to Steam llseft (5i77).* List of *1*001^ and 
^ # Instrumeifts (Si£j4). “ national'^Publications of interest to I'ower Users ^83^), 

* - •* Descriptive pamphlets of any oj the aho^ sctti ondppiicaiion. 

• •- , ^ 

•.THE NATIQNAL BOILER AND 
. GENERAL INSURANCE cq,, LTD. 

(SALES yePT.), 

s. National Builf|lnss, St.* Mary’s ParsonaKO 

TelerraphioAddreu: . a MASmupaTVO Telephone No,; 

"NATIOIJAL." Menchefer. 2024 Cenlrel (nine.). 


75% OF ALL OURt)RDERS AREltH»EATS 

EVIDENCE JRREFUTABIE.- 

W.R. m recorders' 

.•Avill train your firemen 

TO BURN COAL-NOf WASTE IT 

0 

Some of our ^Customers: ^ 

• 

Name of Firm No. Supptied. 

Powell DuffAn Coal Co. *31 

^ BabeeL.k * Waco«. 320 

« HoMswortk Sc Son. 30 

. Mftktay*Coal Co. 9 

, Ebbw Vale Steel Co. .12 . 

South Durham Iron Co. 21 

Canard Steamabip Co. . 18 

Canadian Pacific . a* - ^ 

* Armetr^g, Whitworth . 8 

Metropolitan Wagon Co. 11 

Snowdown Coliteriea.... 5 

a Newcaetle Electric Supply 20 

B.SamuelsonA Co. •• >0 15 

J^ndon& South«We*lern Railway 16 

^aat K^t Colliery Co. 4e 

a Wm. BeadmoreA Co. #. 8 ^ 

^ J.tt’owndkCe. . 8 




• 8 • # 

t , DICTATE A NOTE^W FOR tfAR I ICUO.RS 

’WvK PATENTS,' LTD., 













. AQAS .COikE- 

THE anti-waste: boij^er 




.. 


FUEL • ■ 

TEUE ECONbMY iN FUEL •; 

PliACnCE DEMANDS - 

SMOKELESS COMBUSTION , 

MINIMUM EXCESS OF AIR 
HIGH TEMPERATURE HEAD 
MAXIMUM radiant EFFECT ■ . 

GAS COKF • “ ' • ' 

IS ABSOLUTELY SMOKELESS 
. ' . REQUIRES, IN PRACTICE, ONLY ’ 

• 30 TO 50 PER CENT. EXCESS, 

AIR (Coal requires 100-150 per c-jnt. 
excess) i- 

COKE GIVES THEREFORE A CORRESPOND* 

INGLY HIGH TEMPERATURE HEAD AND 
EVAPORATIVE DUTY 

REGARDING RADIANT EFFECT, THE FUEL 
RESEARCH BOARD say; “ Weight for weight, 

COKE gives more RADIANT HEAT than coal of 
^ higher thermal value.’’ ^ 

........................—.”""" 1 “........ 

• 

Pamphlets dealing with Coke and Mixtures of low-grade Coal and Coke-' 
'in relation to Smoke Prevention and Fuel Economy free on application 

THE LONDON COKE. COMMITTER 

S-t HOR^EFERRY RQAD S’.W.l 




• * **», 


LEADIN-C FEATURE!^ of 

HlGH-EFFlClENCY . JFEEiCUSON 
sectional SUP^RHEAT.ER . 



Coastiucted entirely of niild«sleel. • 

Sections euiiy and*quickly cemoved aiA replaced. 

Sections interchangeable. 

All joints can be examined during wdfking ot 
boiler. ^ 

Joints out of patl^of tluc gafes. * ^ 

Sections being so light (about 120 lbs. tacU can 
be withdrawn ^vithout «expensive*Tifting 
tackle. ^ • 

Steam pipe connection and Superheater headers 
need never be disturbed. 

Access to rear chamber of boiler (lues obtained 
by simply Removing one or two tube 
• sections. 

Superheater headers are drained. Priming 

• water carried over is drained ofi without 
^ * getli% iito the tubes, preventing scaling 

and burning out. ^ 

Su^erhiialet can be cleaned q^ternally while 

• under steam. • , • 

Low cost of erection and transport. * 

Permiu of variation of amount of Superheat by| 
increasin^r decreasing number of Sections. 


Adapted to all types of balers. 

.»Independently fire^jBupcrheaters constructed on 
same principle* 


Advantages for Shipment 

The Seclionel Construclion offeis exceplional advantage, for 
• export. Owing to the tube .ect^. and the header, being 
packed .eparalely, they lake a very «nall space and pack 
very closely, each Achau l>eing of moderate weight and easily 
handled. In this retpect the Ferguson compares very favourably 
«*wilh Jny oiRet Superheater «n lift market—reducing freight 
and land transport to t^e lowest point. 


rf O • L * - ‘ I >20. KINGSWAY 

Fei^gusoti buperUeaJer.8, Ltd. London, w c. 2 


Telephone: Holbornf 74 o & S74>* 


Works tiigh Street, .Watford/ 

. _n 


* Codes: 


* Tel^rams: Supervapor, Estran*^ Londof./ 
;.C. and Lli ’ ' ’ 








A y^EEKlY JOURNAL 

,Dt:VQT]^D TO iNDUSdRIAL 


AND ENGINEERING CHEMISTRY 


THE 

CHEMICAL AGE 

V. IS READ BY 


t 

Supports all 

CHEMICAL MANUFACTURERS ' 
CHEMICAL JVIERCHANTS 

Special Articles 

Movements for 

RESEARCH CHEMISTS 

by Leaders of 

the Development > 

WORKS CHEMISTS : : 

ScitncG, 

of the British 

ANALYTICAL CHEMISTS 

Industry, 

Chemical 

CONSULTING.ChEMISTS 

and Commerce. •• 

Industry 

dHEMICAL ENGINEERS 

ILLUSTKATPb 


CHEMICAL PLANT 

! 

O ^ i 


MANUFACTURERS 



EVERY MONTH the China C’ay Trade Re*vlew 
Is Incorporated In THE CHEMICAL AGE » 


THE CHEMICAL YEAR BOOK, ’924 

FREE lo SuWribers of THE CHEMICAL AGE 
Non-Subscnbers ----- 10/6 

contents 

Index of Chemical Organisations. , Chemicalf Names and T'ormula* 
of Commercial ('hemicals Chemical Siatislics and Standard Tables 
Chemical I’ncc Records. Hiijers (midi. Ad\ice lo Inventors 
Commeroal Users of Industri.il Chemicals. Commycial Ig^telligence. 
Hankruptcies, etc , for the Year. Interleaved Diary for the Year 

..r.^.;;. 

BENN BROTH^l^S LTD., 

■■ 8 Bouvenec Street, LONtlOW, ^E.C. 4 
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EVE BY PHASE'QF ... 
WE- GAS industry'.^.. ' • •' . 

» V . ‘ > • ■••• 

AUJHOrtlTATIVEI!Y ’DEALT WITLf* LN 

TilB GAS WORLD 


^ PVBLISHED EyERY SAt\^OAY, PRICE EIGHTPESci. * 
'‘^REPAIO’SObSCRIPTION, U.K. 281-per anntim. 'Abroad,*821-0 

• T^tE GA^ WORLD is 'regularly read by Tiliair- • * •* 

% men and Directors of Gas "Companies, Managers, * * 

^ tingineers. Officials, Clieg/ists, Employees of Gas 
* • Companies and alf who t^ed to be kept in the closest 

• • - touch .with every phase ^ the Gas Industry 

\ * . ALI, RE/tO ‘‘THE GAS WORLD." 

« 

.G3tS WORLD YEAR'book,-'1:924 

• • • • • 

• • SYSqPSIS OF COhifENTS 

DIRECTORY OF G^SWOIiKS IN GREAT BRITAIN ’ 

5VND .IRELAND AND IN THE COLONIES (this 
, • Directory gives deUdled information concerning these ms under- 
* * • takings). LIST OF FOREIGN GASWORKS ftWNED 
• BY BIHTISH COMPANIES. STATISTICS OF CAR- 
BURETTED AND “ BLUE ” WATEI? GAS PLANTS. 

LIST OF BY-PRODl’CT CCJkING PLANTS IN . 
GREAT BRITAIN. INDIIX OF BRITISH GAS 
. OFFICIALS. BLWEIIS’.ffuiDE. DIARY, POSTAL 
^ INFORMATION, Etc., .-ind HANDY TABLES FOR • 

• GAS managers. . : 

^ • • * 

ThI Annual Subscription to ** THE GAS WORLD ” covers a free copy of 
> the Year liook. ^rice to non^subsct^ers, 10/6» 

• • ■ BENN pHOtHERS LTD... 

S Bo,iY*i5.Stt~t,LOND<iN, E.C,^ • 
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